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PEEFACI^ TO THE THIRD EDITION 


When the writer wan nHiiiCHted by the publisherH to under¬ 
take a reviniou of the latci Mr. Poole'n work, a study of fuels 
revealed that since tlie second edition of this book was published 
in 1900 then^ have been many advant*es in the subject. Not 
only have, new fuels contie into use, but thc^ methods of investi¬ 
gation of the earlier scientists have been improvc^d and more 
accurate data are now available than when the book was first 
prepared. In fact, the work of some of the. investigators on 
which tho first edition was bast'd is now gt'nerally discredited. 

In view of these facdiS it was dt'cnuxl advisable to practically 
rewrite the book and to im^orporate in it tlu^ latest restairches, 
not ordy in coal, b\it on the fut'ls which have to a great extent 
rc'placc'd or suppk'nu'nted coal. Among these arc^ tlie futd oils, 
gastdine, denatured ah'ohol and natural, produec'r, blast furnaces 
and coke oven gas. 

While tlic kntnvledgc' of tlu' coals of the United States at 
tlic! time of the first edition of tliis book rc'presi'nted tlie work 
of a large number of inch'pc'mh'ni investigatcuv, there was no 
cohert'.ncy in their nwarches. In recent yc'ars, howevcT, a sys¬ 
tematic study of coal and many other fuels has bi'eti made* l^y the 
United States (Geological Survt'y and thc^ United States Bureau 
of Mines. Thew' studies, wliich an* far in itdvanc'e of anything 
of similar character yet attempted, form tlie liasis of this tluril 
edition, Tlie original taldes of thc' author liave fs'i'n pre«*rved 
almost intact, liowever, except whi'n* provc'd imuaniracies were 
discovered. The res<»arfhes of the (lecdogicid Hitrvey and the 
Bureau of Mint's ft)rm an addition to the original data. 

Wliile the earlier iHlitions Wf*rt* hasixl on the metric units, the 
premuit edition is bast'd largc'ly on fht' Knglisli sysitaii of units. 
Where tlie imdric units are retained, tht* mattt'r represtuits the 
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work of Mr. Poole. The reviser believes that tlu' xm of the iwuiul 
and the British thermal unit instead of t.he kilogram and the ealori(' 
will make the book more serviceable to the user of fuel in thi> 
United States. It is believed that the book in its prcwuit fonn ami 
arrangement will serve a useful purpose in every industry which 
uses fuel. 

EGBERT THURSTON KENT. 

New York, Nov. 16 , 1917 . 



PKia^^ACE TO THE FIRST EDITION 


Tub books on fuels hitherto published in English contain 
only a few scattcTcnl facts regarding their cuilorific powers, how 
they are obtained, and the practical uh(‘ made of them. Quitch 
freqiMmtly these books an^ consulted for theses facts, and the 
information they do (H)ntain is \itiliz(‘d to its fullest extent. 
It was thought that a book espcanally devoted to this subje(»t 
containing all t.h(‘ reliable data might be of interest, and in 
furtherance of that idt^a tins book is published. 

The work coitnnene.ed as a translation of M. Seheurer-Kest- 
ner’s Pouvoir (Udorijique des CombudihleH Imt changes be¬ 
came necessary to adapt it to American medhods and data, 
and it was decerned advisabk^ to simply use the skededon of tlm 
work and fill it in, as <‘onHid(‘red bc^st. Ev(m this skekdon Ims 
hardly benm pn'served intact, as tlie arrangement of much (^f 
the material has Ixaai changed, many portions omitted, many 
new oium Hupplital, ami in some the t^riginal diHCUssions the 
argument lias b(*c*ti so (diaiiged as to point nearly opposite to 
tliai advocated hy M. Hehtnirer-Kt'stiKU*. 

Th(» work em!>ra<*e8 tmly that portion of ciiloriinetric de- 
tca'ininat-ioiiH having a Inuring on fuel vnhuu A eoncisc' de«CTi{>- 
tkm is givcm of tin* leading eidorimeters, tliose most commonly 
uwhI Indng described mon^ fully than tlic^ others, and some examples 
of working and etdciilatioiiH an* aikkal. 

('oal bedng the principal fuel natiiriilly receives more space 
than any erf tlit* otliers, and most of the* c*xiimple« and calcula¬ 
tions are liawtal on results from this fmd. The other fuels are 
clisctwital, firitdly, some apace Inang given to the heats of for¬ 
mation of the difTc^rent kinds of giw, anc! the mlvmitmgm gained 
by their u«\ A shcad accenmi of theoretical flaine temiMfra- 
tiires is given, with tlic^ melhmls of calculating and applying 
the mine. 
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A set of tables of constants used in this and allied subjects is 
given, and finally a collection of calorimetric and analytic data 
on all the kinds of fuel used. It is believed that thewi tables arc 
fuller and more complete than any previously i)ul)liahod in any 
language, and in collating them all available books and {H'riodicals 
have been freely used. In all instances where tlui author was 
known, he has been credited with his results. Of courw^ in such 
a large number some unreliable data may have cn^pt in, but all 
possible pains have been taken to exclude any such. 

For help in the work, and cspceially the tabular matter, the 
author is under obligations to many. PromiiHUit among thtan 
are Profs. R. C. Carpenter, E. E. Slosson, W. 0. Atwater, and 
D. S. Jacobus; and Messrs. William Kent, R. S. Hale, P. L, 
Slocum, W. B. Day, and C. E. Emery. The Aster Library and 
the Libraries of the American Society of Civil Engirnwra and 
the American Sociery of Mechanical Enginc(n's woto. ftxady used, 
and much help obtained from the librarians. Most of the cuts 
are from Scheurer-Kestner’s book; a few were taken from Ltmgt' 
and Hurter’s Alkali-Maker’s Handbook; some from droves and 
Thorpe’s work on Fuels; a few from the Reports of the American 
Society of Mechanical Engineers; two from Dingler’a Polytechnic 
Journal; one from the Scientific American Supplement; and one 
•from Engineering News. 

The author knows well that the book is far from i)erfect 
or complete, but it is as near so as could be made with the diverw* 
kinds of material obtainable. Some errors, (‘specially in f h(> t aides, 
may be found, which he hopes to correct in tlu' future. 

That it may be found of scirvicc and aid to others in their 
work on fuels is the sincere wish of the author. 

HERMAN POOLE. 


New Yobk, Jaa. 1, 1898. 
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CALORIFKl POWER OF FUELS 


(niAPTKE I 

INTRODUCTORY 

Fufls ara thoBO Hulmtaiujaa containing carbon, or carijon 
and hydrogen, whicli are utiliml for th<» iicat tlicy prodiUH* 
upon union witli oxygcni. Tho prodintis of Hub tniion, calkHl 
coml)UHtion, an^ carbon dioxides or carbon dkvxidc and watca. 
Many fuc'ln, Huc‘h m wood, peat, cruder pcdrt^lcnnn, etc., c^xiat 
naturally; ottua’H, hucIi an coke*, clian^oal, coal gan, etc., are 
fornu'd artificially. 

I1i(* fu<*l par exeelleaee to-day in c*oal. IrnprovernentH in 
trunHpeirtation allow de*livc*rieH at pointn inorc‘ and more remote 
from the min{*H, and the immaiHing deanand, aiekal by new and im¬ 
proved mnt'hincay, fendn to Iowct tl«* cont. New lociition« are 
Htill Ixang eliHcovemal, and the* old (UiCH an* being wairkca! more 
thoroughly and <*ompI<*tely. A large pcation of tliin book will be 
devottal to coal, othc‘r Fw’Ih Innug trcfitcMl iiiciticmtiilly; and bucIi 
treaftraait in fitting, wince* if w Ha* atudy of coal to whicli the en¬ 
ergies of phyaic'irttH and eiigincera are still priiicipitlly devoted in 
their reBi*aiTla*B on the* ealorific powf*r of fuc*L 

For eonveiiic*nce of dwcuHsicai tla* fuels \vill Ik* divided into 
three general heiida: 

Holid fuels coal, lignite, pait, eoke, rlifireonb and wckicI 

Iic|uid ftit*l«-=|K*trcdeuiii, Bliidt* oils, vegetable find iinimnl 
oik. 

(iiiBiHiiiB fuc*l«'—coal gas, prodiicc'r giia, water gas, bla«t fur- 
riiice glia, coki* fiven giia, mixta! gas, niiliiral gn«. 
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CALORIPIC POWER OR HEAT VALUE 

The quantity of heat generated by the combustion of a definite 
quantity of fuel in oxygen is called the calorific! power, luuit value, 
or heat of combustion. It is measured in (!alori(!H or Britisli 
thermal units (B.T.U.). 

The Calorie is the quantity of heat required to raise* tlus tem¬ 
perature of 1 kilogram of pure water 1 deg. (lent. It. is frcniuently 
stated to be the quantity of heat required to raise* 1 kilogram 
of water from 15 to 16 deg. Cent. 

The British thermal unit is the quantity of lu'ut recpiired to 
raise the temperature of 1 lb. of pure, wat,er 1 cl(>g. Fahr. I’caiuHly 
gives it as the heat required to raise tht! kiinpc'rat are of I lb. of 
water from 62 to 63 deg. Fahr., while Marks atid Davis give it 
as Vise of the heat required to raise the watc'r from 32 to 212 dc'. 
Fahr., and this is the definition that is now (11)17) gittuTally 
accepted. 

1 calorie=3.968 B.T.U.; 1 B.T.U.« 0.252 calorie. 

Other units of heat arc: (1) The pourul-calorie, the heat required 
to raise the temperature of 1 lb. of water 1 deg. C{*nt.; (2) the 
gram-cdorie, or the heat required to raises 1 gram of wak‘r I deg. 
Cent.; (3) the mean calorie, which is Vioo of the hesat givtm up by 
1 gram of water in cooling from 100 deg. to 1 deg. (lent. A ealesrie, 
when used as the measure of the hesating value of a fuel is the 
number of units of weight of water whose temiM'raturt' may las 
raised 1 deg. Cent, by the combustion of one unit of weigh! of the 
fuel, the unit of weight being 1 gram, 1 kilogram or 1 Ib. A calorie, 
thus used, is equivalent to 1.8 B.T.U. 

HEAT OP COMBUSTION' 

The combustible constituents of fuel, such as carl«»n, hydro¬ 
gen, sulphur, carbon monoxide, methane, or mawh-g«w, etc., whet, 
burned in oxygen or air generate a certain diifinitt! amount of heat 
per pound of combustible. The heating value of carbon m 14,544 
B.T.U. according to Favre and SillH>nnann and 14,647 B.T.U, 
according to Berthelot. Hydrog(!n has a heating value of (J2,tKt2 
B.T.U. according to Favre and SillM'rmann ami (H,H16 B.T.II. 
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accordinp; to Thomsen. For ordinary practice the figures 14,600 
B.T.U. are used for carbon burned to carbon dioxide and 62,000 
B.T.IJ. for hydrogen burned to steam—the st(^ani bring (U)ndcnsed 
to li(|uid water. Tlu^ heating valium of any fuel such as coal which 
consists of a mixtures of combustible and non-combustible sub¬ 
stances may be determincHl direct,tly by nuains of a calorimeter, 
or itf may be calculaUnl froiti tlu^ chemical analysis of the fuel by 
Dulong's formula which is: 


Heating value 


‘ too 


X 14,()0()O+(»2,()()()(ll- 


0 . 


+4()()()S 


Expressed in terms of (xmtigradc^ units this formula will read: 


Heating value 


1 Jo 


8140(1+34,400 



+22508 


In th(^s(^ formuhe (\ H, 0 and 8 arc^ rc»Hp(a‘tiv(4y t*he |Kr(‘entages 
of carbon, hydrogcai, oxygcai and sulphur (*ontaini‘d in thc»* fuel 


The term ^H —is (‘alknl the available or tlisposable hydrogen, 


or that which is not conibinc‘d with tlu^ oxygen in the fu<4. 

If insU^atl of tnirning to earlnm dioxide, carlmn is burned to 
carbon monoxidt* it will gcaierate but 4451 B.T.U. inaxading to 
Kavre and 8illHa‘innnn. If this carbon monoxide is lati*r Imrned 
to carbon ditmide an atlditional 10,(1113 B.T.U. will Ih' generidcal, 
milking the total heat of eombustion of the* t%vo proeesm^s the* same 
as if file carbon was burned to (airbon dioxide in the first plaee, 
Dulong’s formula, notial above, cIck^h ih4 hold true in flic ease of a 
mixed gaHcnnw fuel eontaining carbon nmnoxide, nor iloi^s it appear 
to liold triu* witli some liydrocarhon gaseous fut4rt such as mtdhime; 
while it dcM*H ap|M*ar to Iiold for tiltylene and benzol. 

The faille on |mg<* 4, from Hteiim IloilcT Keoncimy by 
William Kent, s<h*oiu1 edition, shows tlie heat of combustion of 
various substances in oxygen. 

The healing value of methane, UIU, if ciilciiliited according 
to ilH coin|Mmitio« liy tlie formula H(IH(K' + 34,462H, using Favre 
iitid Hilhermann H figurt*s, is 14,675 ('entigrade lien!-units, iiiateiwl 
of 13,(MW, the value iletermiiiei! by ii cidorimeier, ii difienmrci of 
1612 lieiit-imiti. The calriilated hcaiting viikic of etliylciic, 
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C 2 H 4 , is 11,849, and that of benzoic gaa, C: 4 H 4 , ia 10,109 luiatr- 
units, differing respectively from the calorimetric values only 9 
and 7 heat-units. 


HEAT OF COMBUSTION OF VARIOUS SUBSTANCKS TN OXYOKN 


IlKAT-llNITO, 


(kmt. 


Hydrogen to liquid water. 

Carbon (wood charcoal) to carbon diox¬ 
ide, CO 2 . 

Carbon, diamond to CO 2 . 

Carbon black diamond to COa. 

Carbon, graphite to COa. 

Carbon to carbon monoxide, CO. 

CO to COa, per unit of CO. 

CO to CO 2 per unit of C X2403.. . 
Methane (marsh-gas), CH 4 to CO® and 

HaO.. 

Ethylene (olefiant gas), C 3 H 4 to CO® 

and HaO... 

Benzole gas, CaHa to CO 2 and HiO. 

Acetylene, CaHi to COa and HaO. 

Sulphur to SO 2 .. 


( 34,462 
134,342 
/ 8,080 
1 8,137 
7,859 
7,861 
7,901 
2,473 
i 2,403 
1 2,385 
5,607 
/ 13,120 
I 13,063 
/ 11,858 
I 11,957 
3 / 10,102 
\ 9,915 
10,109 
2,250 


Fahr. 

62,032 

61,816 

14,544 

14,647 

14,146 

14,150 

14,222 

4,451 

4,325 

4.293 

10,093 

23,616 

23,513 

21,344 

21,523 

18,184 

17,847 

18,196 

4,050 


Authority. 


Favro luid Hiltioriiiwin 
Thonwim 

Favro and Silboriimfiii 

Bf*rih«4ot 

liortliolot 

Berthi'lot 

Bertiiolol 

Favfo am! 

Favro amt HlllmriiiWiti 
Thmnmm 

Fttvro atiil Billiomitfiii 

*rhoiii«Mi 

Favro ami Hlltmriimiiii 
Favrt» ami Billmritmiiu 
Thomw^n 

Fttvrti and Hltbormwtti 
N. W. l4ird 


Other authors and experimenters have trii'd to iulerprc't their 
results by a general formula with varying suei'esH. Many of 
them by working on a certain number of coals from a ei'rtalii 
location work out a formula which applies U> that set of coals, 
but not as well to another set. 

Mahler formulated one based on the rraults of culoriinetric 
determination of the heat of combustion of 44 different kiiitls 
of fuel. It is 

Heating value (calories) = » ~.’«KK)(()-f N) _ 

UK) ’ 

or simplified, 


Heating value = 111 .4 (1-4-37511 - 3(M)0; 


or, 

Heating value (B.T.U.)=200.5C-|-675H-5400. 

With the coals he examined ho found a vi;ry elt» agn«- 
ment between the results calculated by this formula and thtimi 
observed. A similar but not equally close eoneordaiKai waa 
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found using the Dulong formula. With wood and lignites the 
difference amounted to 2 per cent. His formula applies also to 
other substanc.es whose (‘onsiituents are accurately known. 
Cellulose, the heat of coml)Ustion of which according to Bcrthelot 
is 4200 calories, by Mahk'r’s formula is 42()4. 

In summing up lu^ says: “ From a scientific point of view, 
in th(^ present states of our knowledge on the subject, we cannot 
give a general formula depending strictly on t he clunnical composi¬ 
tion which will give t-lu^ calorifi(t power of combustibles, substances 
80 complex and varied.” 

Th(* Pow(‘r T(‘st (knnmiitee of the Anuu'ican Society of Me¬ 
chanical Engineers in the Hllf) Boika* cotie recommends the 
formula 


14,000(1+02,000 



+4(K)0B, 


in which C, H, 0, and S reftT to the proportions of carbon, hydro¬ 
gen, oxygen, and sulphur, respect iv(4y. 

Lord and Haas in a paptr* nwl bt^fort^ tlu^ American Insti- 
turc of Mining Engineers, F(‘h., 1807, state' that in a series of 
forty Ik'nnsylvunia aiul Ohio coals tiny ftnmd difTtrenccB vary¬ 
ing from 4“2.0 to — l.H per cent bt'twccm the calculated and the 
ohstn’ved rc'Hults, and im avt'ragt* difi'erenee of - 0.12 ptT cent. 

In 1800 Bunti* pubtislu'd some anidyst's and eiilorimetric 
t45sta of gas-et)ki‘H, showing a diffta’cnce of from +0.(M to—L2 

fKU* CfUli. 

Hiree tdemeiitH taiter into tlaw cast's, flic luialysis, the 
ciilculation, iiiul thi' comlniHtion; all may be t'rrtineous. As 
the iiiatt<*r stands now tla' wiight tif t*rror setans to bt' on the 
aide of lltt' aniilystH, as our iiitllitidH of iiiudysis, eHjM'ciiilly in 
water tleterminiilioiis, are not tmtirely witisfacttay; yH it must 
Im coiifessial that some of the most ret*ent analyst's give* a bitaig 
from which very tdose {igri'ement can be cnleiilatial With such 
fuels iia coke, cliiirroal, tir iinthraiate, liiiviitg but little voktlle 
itiiitier, the ri*mitts agree quite well, but with the biluttiiiious 
fciiils, iisjihalts, iiiiiieriit oils, etc*., which are so Vf*ry complex, 
the (liflereiit'es itr«* greiiti'r.* In these the iiefuii! proxiiiiato 


iVliiklrr’^ liiiiit fiir Iliiliiitgi ftirimilii in Cei-N>lfi. 
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chemical constitution seems to make a (liffereiu-e. It lu 
safely stated, however, that for ordinary industrial ua 
absence of the possibility of a calorimetric test, and with 
having under 20 per cent Of volatile rnatt(‘r, a fairly at'< 
approximation may be arrived at by (ailculation. 

If possible, by all means hav(‘. a calorimetric test. 1 
possible, use the best analysis availalde. 

Calculation from Quantity of Oxygen Used. This 
htharge reduction tost in which the combust iblts is mixed 
an excess of litharge and heated in a cruciblt'. 'i he bulttai < 
formed shows the amount of oxygen consumed, from \vhi« 
t iP flting value is determined by Wtdter’s formula, 'fids fo 
is based on the hypothesis that the. heat, of eomhustion is p 
tional to the quantity of oxyg(^n eonsumed and is 

Heating valm^ mP, 

in which m is the coefficient previously det<Tmim‘d, and /' 
weight of oxygen necessary for tlu' eomhustion of 1 kdogr 
the substance. 

Giving P the value resulting from the use of the e* 
lents—16 for oxygtur t,o burn 6 of ctirbon, and H for oxygen t« 
1 of hydrogen—we have 

and the general formula becomes 

Heating value (calories) = 8w H ^ 2r< ,KS() } I (^ 

In using this method the heat should Is* inen*ii«‘d very s 
Mitchell substituted white lead for lithargt* and eliiimed Ut » 
uniform results. 

This formula was recommendc'd by Berthier, iiiid hits 
used since by a few others. It is faulty, as was showrs by so 
Berthier’s own determinations in which conlmdietory msull*. 
obtained. Dr. Ure showed that no uniform n'sulls eou 
obtained using the same materials. Heheurt'r-Kestner ifi 

* Value given liy M, Her. 
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Bhowed that the formula not only gave erroneous results, but 
a(‘-tually reversed the reflation of eombustiblea. In one ease cited 
the luuits ac^tually obtained by a calorimeter were 8813 and 8750, 
wliil(‘. by th(^ litharge test thc^y were 7547 and 7977. The results 
were not only low, but reversed the ratio. 

This mc‘t.hod is allowable only in cases where the crudest 
approximations are d(\sired and where no analyses or calori¬ 
metric t.(‘sts can possibly be made. 



CHAPTER 11 


CALORIMETRY 

The heat of combustion of a fiK'l (uui i)C (U-torniitu'd, an vvcil 
as by calculation, by an instrument known ns the calcirinieter. 
The earliest calorimeter consisted of a block of ch'jir ice in wiiich 
a cavity was made—the cavity being clomnl by another nlab *!f 
ice. The body whoso power of heat craiHsiou was to h* niea«ur«'d 
was heated to a known temperature, usually I(K) deg. Cent, and 
introduced into the cavity in the ice which was t hen (luickiy cU>H«*tl 
with the covering slab. The amount of wakw inelt«‘d from the 
ice during the period in which tlu! body was (atoling to the tem¬ 
perature of the ice was removed from the cavity and weighial. 
The quantity of water so formed was the ineasurt} of the heat 
emissive properties of the body. 

Modern calorimeters sis used to detennino the heat of comlaw- 
tion of fuels, consist essentially of a combuation ehamlwr in 
which the fuel is burned in oxygen, a vesssed cotitairsing ii known 
weight of water in which the combustion chamla'r is itnnu'rmHl iiml 
thermometers for measuring the rki in tmnjx'ratim^ <tf the wafer 
after combustion has taken place. I’ho wweral t.y|H>a of f'aloritn- 
eters which have been used vary in the munl«*r and style of aux¬ 
iliary appliances and details, but tbeireww'nlial fealure.s i-ottsist of 
the three parts noted above. The combuHtion ehamls’rs are either 
under a constant pressure jis in the (mlorinu-hTH of Runtford, 
Favre and Silbermann, etc., or tliey have a constant voltune m 
in the calorimeter of Andrews, IkTthtdof, etc. In the def*‘r- 
mmation of the heat of c'otnhusfion of solids the ditTcriuice of 
resdte w so small as to bo negligible. With gasi-s, however, the 
case is (Merent and the conditions und(T which the result giveti 
was obtained should in all cuhch when> possible Is* .stalet!, 

The first calorimetric experiments date from I.nvoisier and 
Laplace. In 1814 Count Ilumford n*plueed the tee enlorimeirr 
of Lavoisier by an apparatus in which the heat develofHal during 
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the conil)ustion was absorbed by water. It was some time 
after, 1858, that Favre and Silbermaiin discovered the causes of 
the great (errors of their pr(Hle(‘ess()rs, and publislunl methods 
for correcting some while avoiding otlu^rs. We owe to them, 
above all, the observation that, (wen wlu^n supplied witli pure 
oxygc'u, (combustion may be only partial, on account of the 
fortimtion of (*ombustible gases. 

Th(\y deterinined that- this oc(*urs generally, and gave a method 
of (\stimating the unbunu'd gas(*s, so as to mak(‘ aIlowan(H\s in the 
calculation. 

(•arboii, which, before' tlu'ir time, had givc'ii only 7924 (‘aloric's 
to LaphuT, 7889 to (It'inc'nt-Ih'sormt's, 7t)15 to Dc'spretz, 7295 
to Dulong and 7978 to Andri'ws, yi('ld('d to Favre and Hilbc'rmann 
8081 aftc'r (‘orrection for (*arboii monoxide' in t lu' wast(' gasc's. This 
(fuantity has since' bc'C'n incn'aseal to 8140 by the' late'st deU'rmina- 
tion of Bt'rtlu'loh Bc'Hhc'lot a4ul Vielk' have' shown t-hat by tisirig 
oxygen under pressure compk'te' c‘onil)UHticm can bt' attained, 

THKUMOMKTKEH 

The' tlu'rntome'tcT is one* of the* most importaid- parts of the* 
calorimete*r. 41u* ae*e‘urae'y of the* de'tc'rminations iimck' depe'iuls 
upon tla'accunu'y of tlie* thcrmoinett*r, the* exne'tiu'as of the re'ading 
and the* corrc'ctiems which nmst Ik* introchice'd. 

Favre* and Silbe'rmnnn e*ntpIoy<*d a the*nnome*ti*r of their own 
design, divteled intf) O.l ek*gn*e and graduati'd fnmi 82 to 0 deg, 
(*ent, Fach degrea* eua'iipied about 0,8 in. By means of a e*ath- 
etoiiu'ter the^y re*ad to O.Ol de*grei'. Thi'ir e*aleinnie‘lric hath of 
2 litiTH eaiimeaty was subje*cte*d to at least 8 degreav elevation 
ill teinpernture, aiiel the* <|naitlity of sulistiiiice iieeawiiry !ei use 
lit times t'xceeded 2 grama To lease*n tfiis amount of rise of tein- 
lieriittire ami nisei the time of enimbitsfioin they used longer ther- 
iiiomefers, with seiiles reading lo II.IMI2 ck'gree or even to O.tMl! 
dt'gree. Hedieiirer-Kt'sliier used a theriiioiiiefer divifled to fl.02 
degriH* wtfli liis Favn* mid Hilberitiaiin caloriiiieter. Since tliiai 
they have* l«*i*n used genendly. Siieli fliermoiiie*terK an* difliciili 
to work with, iiiid reffuire e*iire in maiiipulatioii, itiid often it mah'S 
of tlieriiioiiieters or at lens! two mifli scales in »H|Ufmce iim 
tiiiployed. If till* ifiifiid teiii{if*riitiire of a eiiloriiiietrie Imtli i« 
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found a Kttle above the highest graduation on the first, tlier- 
mometer, and if the rise in temperature of the hath iiinotinls to 
2 degrees, we must substitute tiie second one having for its lowesi 
degree the highest of the first. Ih'sides tlx' troul)Ie of hubstilu- 
tion, it necessitates a correct.ion for agn'eiuent of tlie degree.^ 
common to the two instruments. To oliviatc' this diflietilly the 



Fig. 1.— Metastatic Ther¬ 
mometer. 


'‘metastatic’’ thermometer was invented 
by Walferdin and deserihed in tlie 
Cornptes Rendu de I'Aendemie des 
Sciences, 1840, p. 2!)2, and 1K42, p. (W. 

As it is not fuiviHuhie to hitvt* the 
incretuse of tt'iniH'ralure more tiian d or 
4 deg., and as this increase mu.st la* 
measured very closely, thernmmeter.s an* 
used in which the sttan is .so drawn out 
and divid(‘<l that small fraefiun.s of ii 
degree' can he ('asily read. The divisions 
of the seahi should not In* greater limn 
0.25 deg., and much finer is desiridile. 

Many physiciansuw' sjK'ehd thermom¬ 
eters having the reservoir and the tula* 
near the Z('ro point blown large eniuigh 
to hold all the mercury tuHsled from 0 
to 16 deg. or to the hi'ginning tif Iht* 
divisions. The graduations, engraved on 
the glass, should then la'gin and the tube 


be drawn (jut so tlinf they may Is* sJif- 
ficiently fine. Too long a tulw! (over 18 in.) is liable to tlanmge. 
If the mercury cylinder ks too larger it dis's not resjsmd «iuiekl,v 
enough to minute changes in temix'rature. Heatlings of the 
thermometer arc usually made with a eaflwtometer, and hettee 
0.02 deg. is sufficiently small. 7'he haigth of a degree sliouki !«• 
at least 1 in. 


With all thermometers it is essential that the gla.'# of the hull* 
should be rather thin, or tlie thermometer will !«• •'Hk* skm,’* 
The slightest difference in tem|wrnttu'e must k- shown immediately 
by a movement of the mercurial column. To lest for si-itsihihty 
read the height of the column and thc'n place the haml (tn the Inilh. 
If sufficiently sensitive the mercury will <ieseend <|»iekly from the 
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expansion of the glass and aft(‘rwards rise. In thermometers 
divided to O.Ol deg. this movenuaiti should be immediate, and over 
several hundredths of a (k^gri^e. 

In ordinary ealorimeirie exp(U'iinents the eorrendion due to 
the length of mercury column (lowing out of tlu' bulb may be 
neglected for s(‘V(n’al reasons. Idie experiments should b('made in 
a room whc're th(‘ t(Mnp(‘ra4ur(‘ is lu'arly th(‘ sam(‘ as thal. of the 
caIorim(‘tri(‘ bath. Such cornadion would be of very litth' conse- 
(pumcc' for slight, change's of te'mpe'rnturc', and tlu' c'xperimenter 
should plunge' the' tlu'rmome'te'r into the hatli as dee'p as is nece's- 
sary to take' tiu' rc'ading at the level of the' eye. 


lNSTALnATie)N OF (’ALOItlMFTHH 

"Fhe' cale)rim('tc*r she)uld !)e‘ plae't'd iri a re)e>m fre'i^ froiti sudden 
changes in te*mpi‘raturt‘ and e'onst'ejue'ntly prejtc'ctc'd from direct 
Hurdight. If it is ned entirc'ly pre)((‘cte'd fre^m sedar radiation, the 
apparatus may be' st't up em the' ne^rtli sielc and sluided from the 
elirc'ed mielday sun by a sc're'C'n. 

ddu' e'aleuame'te'r e'ylinelc'r with its ae'cc'Hsea’ie'S, as wc'll as the 
distillc'd water use’d, shemlel re*main iee the' wate'i* Ie)ng emough to 
ae’e|uire* its propc'r te'iupe'raturca Tlu' cylindt*r shotild be' prote'ctexl 
as nmc'h as peKssible' freim radiatiem by e'nvc'lope'S which vary aea’ord- 
ing to c'ircumsiane'cs; Favre* and Silbe*rmann uscal a e’yliiielc'r with a 
doulde' wall. Ida' e'xle'rnal eaa' was lille'd with watt'1% and hedween 
tluH one' nnel tlic cylindf*r preepe^r hwhiFh down was pat'keaL The^ 
upjwi’ part of the* e‘ylirieler also had a layiT of thie'k paiM*r cem*rc*d 
with down <tn the mate'r sielt'. 

lliaihtdo! .ntate'S that the iie»wn is inort' trouhlcsonit' thati iwt'- 
fiih and thiit it may be omitteei with aelviintage. Ha* spat'c be'« 
twceii the cylintlfi’ iiiit! its cnvcIe^|M' forms a lny<*r <if air wluedi is 
tin excidlciit iiofi-condiadeir. In iiit«le*rn instrume'iilH the' ilimai 
is repliic'cd by ii thick layi'i* <*f fedt. Bciiheleit e»veji omits tlik 
ciiviTifig, stating I hat lla* great c'liusi' of loss of hem! was ned frean 
radiiitieiii. but elue In cviifionitioii piodiiced by the agitiitieai of 
the wafer in contaei with the air. lie* surrounds liis c'yltnde'r 
%vitli II layer of air iiiHtle of the envclo|M» of watt*r, and outside of 
nil II layer of felt tl.H in. tliii'k, By this iiicfiiiB exti'riiiil iiifluene'e 
is liilirli reilllcetk 
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EVALUATION OF THE (.’ALOUIMKTEU IN WATKU 

When the fuel Ls bunn'd in the coiiibuslion eiianih('r of the 
calorimeter, the heat generated iw alworbed by th(‘ water in th<' 
apparatus, and the apparatus its('If. If all tlu> heat were absorla'd 
by the water, and none whatevc'r by th(> apparatus, the quantity 
of water would have to be iner(>ased by an amount whose lu'at 
absorbing capacity would be. <‘xaetly (*quul to that of tlu' eaUi- 
rimeter. This quantity ia known as fh<‘ “ water value ” of the 
calorimeter. The water value ineludi's the combustion ehamlH>r, 
the immersed pieces, thermometer, supjuirts, etc. 

Following ia an examplt' of tlu' calculation of the vaiiu* in 
water of a Favre and Hilbermann calorimeter: 


Copper, 1145.651 prraniaat 0.09S16HfHH’illr hmt . . ..... ..... . . ■ mm uriimii 
Platinum, 22.810 gramn at 0.0 J24 Hpedllr hmt. , , , 0 /Ufi 

Value in water of the rhaiiiher luui am«orit»a 100 ?I4 

Thermometer, weight of ghwH imtnerHetl, 12 gnifiifi at OJW,. . , .... 1,400 

Mercury, 63 grams at 0.332 ............ . .... i. 070 

Total equivalent of water... ...... , , , ,. 14 184 


which added to the 2 kilograms of water in the bath makt's a 
total of 2114.184 grams of water. 

The calorimetric wi'ight for the Bc'rthelot bond) at the College 
of France in 1888 was 398.7 grams for bomb and acet^fKiries. 

The water value of tlus calorimeter uwd by I^ord and Haai* 
at the Ohio State Univtirsity, Columbus, ()., was detennined 
as 465 grams. Mahler’s apparatus hiul a water equivahnit of 
481 grams. Still, it is k'.tter to determine this e(iuivalent by 
actual experiment, as we are not. sim* of the siteeifie lu'at of the 
metal of the bomb, which might, however, l)e detennined hy a 
sample taken from the original block of which it was made. 

Several methods may b(^ omployial for this. 

When we use the calorimetrie bomb, we burn in tin* ttbus, 
using 2000 grtuna of water, a known (lunntity of a substance 
of fixed composition, and of which th<* hi'al of <*oinbnstion is 
known, as sugar, dr naphfhalin. We then use less water and 
bum a smaller quantity of tlu* sultstfinee. If 1 gram of substurH*!* 
was taken the first time, we may tnk«‘ 0.8 graiti with I80f) grams 
of water the second time. We than have two eijuations, from 
which we eliminate the heat of combustion of fhe sulwtaneti 
and deduce thence the value in water of the cylinder, etc. 
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This method, suggested by Berthelot, ituiy be replaced by 
the following, to which ho gives the prcJererK^e: 

Pour int,o iho (‘aloriitieUu’ a cc^rtain (jiiantity of warm water, 
at 60 d(‘g. («('n(u for instance. Tliis waUu* is previously contained 
in a boti.It^ and tlu^. Iemp(n*ature is nu^asured by a thc^Tmometer 
placed insidt^ As control, opcn-ate first without the bond) in tlie 
cylinder' nud aft(Twa,rds with it in pla(‘e. 

One t(‘st, of this kind ga.V(^ Iha’Mu'lot a value of 354 calories 
for the bomb. valuer deduced by cuhndation from spe(‘ific 

h(‘at was 355.4. lk4ow is tlu^ (kdaikal (*alcuIation giving th(^ 
s(‘parat(^ parts of tlu^ bomb. 


Namt'H (»f th(^ I >ilTc‘rt'nt 

Sot<‘T 

Stf.kl. 

Pla'i 


BltA 


Woiliht 

in 

c JraiiiH. 

Valnn in 
Water, 

Weight 

in 

C Sranirt, 

Valin* in 
WatiT. 

Welglit 

in 

< iraniH. 


! ‘/OP, 7 


7IB « 

2i 6i 


c ’ovi^r. , , .. .. ..... . 

U\ J. 

24. m 

S2B « 

17. ! S 


Stop oH'k ... ... 

C’ont'' HcTfW atni tujckrt of 

n .7 

1 .2« 


.... 

20 0 

firi' vartivT. . 

irnt be' muipniHUHt niu! 
kimllllU! 

St*rt‘w of !tomt» 

Movithb^ fool of Itoniti 

an; ? 

BB OB 

H 0 

1 07 

2 97 

urn 9 

'lotuk. 

/74** 1 

iOl 24 

lino 6 

41 B^» 

l V! 9 


Valuti in 
Walter. 


I m 

0.17 


10. D 
li Uj 




^Irtlllfi I'lwik 

UeilSif In 

i tlriiiini 

( ‘iileylnteil 
\ aliir In Wiilf»r, 

Mi<t 1 

i’HS I 

Itll 14 

Pliifiitiint 

1290 B 

41 m 

Ilf'ilTf’i ir'alorillielef iifni liKlIttfiif oililtli'dl 

. 11/9 

1 i Mt 

IVeliflil of ImoijI* 

4\m B 

Iw 4* 

Value III wiilrf l»l ilirtn 1 li"ft 


n4.7 


roliliKCtUlNS rcilt TIIK EUAUINtiH 
Hit* ciirrei’tioiiH i«i Im npplicfl to tlM^riiioiiielric readings, 
tliiwt! fine to file tlieriiiiiiiMifr ifnelf, fin* of various kinds, 
mid iiatimilty vjiry \utli flit* kind of niiorinieter nmnl Home, 
liowevrr, lire ctaiilittiii to nil. 

I 1 ir relitlivt^ to lieiitiitg iiiid i‘oiiliiig coiiwrim till 

eiilorimeters. Favre and HillxTiiiitiin iiiiidt* this rorrertioii with 
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a coefficient previously dotcmunccl, on(!(> for all, by a wrica 
of experiments. For example, the. c<H'fneu‘iit (hut (hey btuinl 
for their calorimeter (±0.0020225) n'pn'W'ntH the iiiflueiiee of 
the external temperature through (,he enveloi«j uml pjiekingM 
for one minute and one degree. 

Instead of a coefficient of eorreelioti thus detennined, » 
system of correction devised by Ih'guault and Pfaundier is pref¬ 
erable. This system is superior to llm preceding, na it alhni,-. 
consideration of all external conditions at the (itne (»f the exjMTi- 
ment. It is evident, for example, (hat (lie <*vapora(iori of a iitpiid 
may vary in such proportions that a fixi'd (’(Kdlieif'ut will not always 
represent it. 

The system of Ilegnault and PfaundltT (Uh's not n«*«*d previous 
experiments nor a determined erndficimit. It. n'sts on obsi'rva- 
tions of the thermometer immeined in (he bath a few tninnles 
before and after the experiment, or at the time.s wlien external 
influence is at its minimum or maximum. Knowing tlu' value 
of these two kinds of influence, it is easy to <’aleulnte it f<tr t he whole 
duration of the test. 

It is well to continue the oliservations iH'fort* combust ion 
for some five minutes. These five minutes should Isi preeialed 
by at least ten minutes’ immersion of the eomhustion chamlK'i* 
with the agitator, so as to establish e(iuilibriutn of ten»jH*riitun' 
between the cylinder and the water. 

Suppose the initial correction eorn*s{>onding to (he first 
period to be zero—whic.h is rare, it. is true, hut simplifies the 
demonstration—and that the observations haw given (he bd- 
lowing data: 


Initial temperature of bath 

After 1 minute. 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 ........ . 



I8.4IK) 
10.7(Kf 
20. MO 
20,670 
20.680 
20Ji76 
20.666 
20.653 
20.040 


20.630 

«b6S»> 


ri 
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The combustion once commenced is continued until after 
the fourth minute and ends between the fourth and fifth minutes, 
but the equilibrium of temperature between the bath and the 
combustion-chamber is not established until the eighth minute, 
the time when the variation due to difference between them has 
become n'gular (0.010 deg. per minulxO- 

A table of corrections is formed as follows: 

18.400° 


Lst minute... 

10.700 

Mean 19.080° 

Difference 0.020' 

2d 

20.540 

20.120 

1.060 

:kl 

20.670 

20.605 

2.145 

4th 

20.080 

20.075 

2.215 

5th 

20.670 

20.078 

2.218 

6th 

20.605 



7th 

20.655 



8th 

20.640 



Oth 

20. out) 



lOth 

20.620 




The total elevatitm of tcauperalure is 

20.070- 18.400^ 2.216°, 
un<l tlu' curn'ction is 

20.070- 20.020 0.050° for five' minutes, 
or 0.011° for one minute. 

Then 

2.210 : 0.0110.020 : O.tXWl 

2.210 : 0.011 1.000 : 0.008:1 

2.210 ; 0.011 2.M5 : 0.0107 

2.210 : O.Oll^ 2.215 : O.OIIO 

2.210 : 0.011 2.218 : O.OIIO 

Tutal.O.tmi 

There is theji O.O-lll deg. to Ih* uildetl t«» the «lifferene<*, 2.216 
<leg.. iiiert asing it t«i 2.200 deg., which is the corrected differenct' 
of the bath teiiiisTiitim', from which the l«‘at ttf combustion of 
the siibsfunee btirned in the ctilorimeter is calculated. 
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Regnault and Pfaundlcr’s formula in 

Atn = Aio +A' ((n —to); 

in which Afn=ascertained variation of t('mi«'nilun‘ from thflunt- 
ing and cooling of the (•ulorimctcrhtrtinominntc; 
Ato=variation at the hegimiing; 

<n—to = loss or gain during the total time of the 
n=number of minutes of test. 

Using the above numbers, 

It will suflSce, then, to find the total loss or gain to fake the 
sum of all the gains or losses calculahui by means «»f flu* coef¬ 
ficient K during the whole time of the exiKirimeat. 

Thus, 

0.620 X 0.00496 - 0.0031% 

1.660X0.00496 - 0.0083% 

and so on. 

For the full and exact method of eorreetion devimal by 
Pfaundler, see vol. ix., p. 113 ei seq. of the AiihiiUh thr (‘hrmii- 
und Physik. 

The method of calculating the heat of eornhuHtion »»f a fuel 
from the results of the calorimeter extxiriment in esphiimal in 
detail in the several chapters which follow. 



ClIAPTKll HI 


CALORIMETERS WITH CONSTANT PRESSURE 

The fimt. c.alorinu^ters were of coiiBtant presBure; that is, 
the eornhuHtion was carried oh at the atiinosplierie presHure or 
very near it, and did not vary from the Ix^iiiinning to the end 
of the expcTiment. Ikmce tlu^ niodificaiion.s in the volume 
of thc^ gaHC‘B Ix'fore and afi(‘r eombuHiion exercincxl no infiu- 
txice on tlie olwt'rvcHl 

Ilutnford, in 1814, wan the first who tri(Hl to correct external 
infUuaiccu He emplciyed a practi(‘al method which has often 
bcxrn us(‘d since, consiHling in giving the calorimetiT bath a t(‘m» 
perature in the In^giuning of iht^ less! Ic^ss than tlmt of the room, 
and allowing it at the* c*los<* to attain a tcmp(‘ratnre in the same 
proportion abovi' that of (lie room. Ilis calorinudric apparatus 
was (‘omposi‘d of a (‘oppea- boilin' ot sc^vcn'al litres capacity, heated 
by an interior tube througli which pasHcxl the gaseouH products 
of thi^ comlmstion. The combustibli' was liurnial in a little lair- 
nc‘r placed under the boilin’, and the air used circulated around 
tlie heater Iicfore passing to the burner, thus preventing any loss 
of heat hy raiiiation. 

Dulong in uhchI oxygim, and obtained much sufXTior 

resultH. His calorimeter eonristed of a reetn,ngular eopixT Imx, 
25 centimetrt*H (about 10 in.) di*ep, 7.5 eentimetern (2.9 in.) wide, 
anti 10 centimeter’s (2.0 in.) long. It was closed at tlie upjWT 
part by a cover with a mercury seal. The oxygen pasneil into the 
calorimeter hy a eopper tube opening into one of the Hides of the 
box lifiir the bottom. Tht* gases c4 combust ton were drawn 
into a gas-holder. The iipparatus wan eiicloml in another 
rectiiiigular box, in wliteh was put II litres CO’i C|Uiirts) of water* 
lliis was thi^ rfilorimetric cylinder. The water was kept in motion 
hy an itgifiifor. 

The unit cdiosiai liy Dulong wiia 1 griim of water whose tem- 
IMTiitiire WHS riiiseij 1 ileg. like Eurnford, he corrected the tem- 
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perature observed, but he also noticeo that tluH oorrt*cfion vvhh 
correct only, when the first period was equal to the w'eoiid. 1 he 
results obtained by Dulong in 1838 were not published till after 
his death, in 1843. For hydrogen and carbonic oxide they arc- 
but shghtly different from the most modern (kderminationn. 

f 

CALOEIMETBE OF FAVEB AND SIIAIKEMANN 

In 1852 Favre and Silbermann published their first w«.HeHreheM 
on the quantities of heat generated by chetnical action and 
described their calorimeter. 

AU rapid-combustion calorimeters and all with tainsiiint 
pressure intended for solid bodies are. copital inort* or leas nfti'r 
that of Favre and Silbermann. The prineijile and moth* of 
execution in their general linos arc the sanuq the form in Kume 
details and the material employed for the conibustion-chmnlH'r 
have been modified more or less; but tlu* general apparalii."* 
and accessories, as well as tho method, have ituiiained ns hhife 
and Silbermann left them. 

The Favre and Silbermann calorimeter is coinjKiwii of three 
concentric copper cylinders (Pig. 2, B, C, I>). Cylinder B is 
the calorimeter cylinder; it is silvcT-plated and j«»!ishta| im the 
inner surface so as to lessen its i>mittiiig jwiwer; its rvijmcity is 
little over 2 litres (3it pints), being 20 cetdimetn-s (nfamt K in.) 
high and 12 centimetres (4| in.) in diameter. In the middh' is 
placed the combustion-chamber A (Figs. 2 and 3). 

The combustion-chamber is of burnished gilt eopfx’r, and 
is shown in Pig. 3. It is a slightly coniea! veawl, the large 
opening in which receives a stopjjer from which ia aiw{»*ntte«l the 
burner made of a material suitalile to that of the Milwlance 
operated on. The stopper iteelf earriffl two tuliCH, m anti «, the 
first being ,aa observation tul)e for the comhuBtion, which is 
surmounted by a miixor ilf, to allow examination during the 
burning. The mirror receives light by the tulie m, which i» 
closed by an athmnanoiis system of quartz, alum, and ghiw. 
The other tube, n, carries the jot for the oxygen. 'Ftilie h is 
closed, or removed during the test with coal, m it in then of no 
use. Tube c serves as the exit for the waste gaw's of the etmihns* 
tion, which pass through the coil cc (Pig. 2) lH*fort‘ reaching the 
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analytical apparaUis. TIur coil is sufficient to cool the gas to 
the temperature of the l)ath. 

It is impossible to prevent the generation of more or less 
hydrocarl)()nH and carbon monoxide. The wcught of the hydrogen 
and carbori is d(‘.t(‘rmin(Hl by (causing the gas(K)us products of com- 
btistion to pass through an organic atuilysis tubC; after removing 
th(^. wat(T and carbon dioxide. For this purpose the exit-tube c 



(Fig. ll) m conncHii‘d by a rubbc^r tulm with a Liebig apparatus, 
followed by a U-tubc^ of Hoda4inu\ 

The giiH-currmit king riitlu^r rapid, an abnorptimi apparatus 
inuHi Ih* used, large and pomtTful enough to eoinpkdely free the 
gii« from tl«» eiirbon daixide iiiul wafcT htdore it rcwh<*« the red- 
hot copper oxide. This m done by pawing the ga«\s through 
iiiifitlaa* L-Itjbe sinidler tliiiii the preet*tling, and wlaxse weiglit 
sliould vary only a ftnv inilligraiiis. The thus fnml piw to 
the tube of hot roptwT oxide, where tlie etmdmstible giia^a art» 
liuriitsi to wat4‘r and carbon dioxuk% wliich are collected and 
weiglwa.1 iw uitiiiiL 
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The coal for the experiment must b(' in picci's; if in pnwdcT, 
the combustion is more difficult, unhurned khw'h ewnpinK in 
considerable quantities, so that it is rare to obtain a <’omiih‘tt* 
combustion, and the cindcirs almost invariably confnin sniull 
quantities of coke. To determine thews the capsule ami tuh" are 
withdrawn from the combustion-chamber, dried ami weighed. 'I’he 
coke and the httle soot on the side's of the ca|K'<ule an' Imi-tieti off 
by calcination in the air and a new weighing nuule, giving fh<* 
weight of the carbon and cinder—r'liuiu'iils wiiieh must lie con¬ 
sidered in the corrections. From half a gram to a gram «if coal 
may be used. 

When the combustion-chamber containing tlu* weighetl sub¬ 
stance is put into the calorimeter all the parts of the apparatus 
are connected by rubber joints and t('st('d. A slow <‘urrent of 
oxygen * from a gas-holder is pjisst'd through the a[»pariifus. 
The combustible is ignited by a f('w milligrams of lairtiiiig ehnreoal, 
the joint in the tube being broken for the moment, and imme¬ 
diately without stopping the flow of o.xygen. 'Fhe little glass M 
allows inspection of the combustion, tlu! iiitenHily of whieh cun 
be regulated by the flow of oxygen from tla^ gas-holder. The 
temperature shown by the thermometer is mcordi'd each miiuile 
to obtain the data nccoijsary for the eom'etion H|>okcn of alane 
(pages 13 et seq.). 

To calculate the heat-units dovt'lopt'd by the ct»mbu«tion 
the following elements arc tmaled: 

1. Weight of the combustible used; 

2. Weight of the carbon remaining in the citiderH imburned 
or as black; 

3. Weight of the cinders; 

4. Weight of hydrogen escaped unhurned; 

5. Weight of carbon escaped unljurned in the mmmm prmltiffs; 

6. Elevation of temperature of ciilorimett'r hath; 

7. Correction for heating and crxding caumal t.y estcrnid 
influence on the calorimeter cylinder. 


Topreparot^oxygenaoot>tH'rfla«k«f(me whah 

IS placed some chlorate of potash, which is thi'i, Py « , 

pseoiM curren^ veiy regular, exw'pt townr.ls the eml, when o h«»v I« m.h,o 
tumultuoiM. The addition of a small tierri'ntai^ of black .,{ w,»ngiiw «. 
promotes the regularity of the gas gem'ration. •»»»*»»« « 
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The e()iul)imtiori of iho, (‘oul by thiH nieans is rarely com- 
pl(‘t(‘; tlu‘rt^ natiain variahk^ (juaatities of coke mixed with the 
eiadens fonn(‘(L An utu'CM’iainty at lends tlu^ (‘alorimetric value 
ae(‘()rding as lh(^ combustion was slow or rapid, since this small 
c|uantity of cok(‘ contains mon* or k'ss hydrocarbons. These 
diflVnmc(‘s, however, apply within very close limits, so that no 
fear ihhhI (mtertained of larji^(‘ (‘rrors tlua-efrom. Whcai a coal, 
in picH'CH, has b(‘c‘n burrunl, ilu^n^ rcanains in the capsule only a 
f(wv milligrams of eokv or unburiH*d (‘arbon. From this we cal- 
cailat.<‘ th(' calorimcdric vahu^ in calories, tising 8080 as the coef¬ 
ficient (hc'ut of combustion of char(‘oal a(a‘.ording to Favre and 
Hilbc'rmann); and in using that (aKdlicntmt the hydrogen which 
may exist in the c.(jk(* is naturally neglecttal, but this cannot 
prevcmtcal Tlu^ carlam and hydrogcm of tlu^ combustible gases 
which chciiihhI c(anlniHtion arc* transformed into w’at-c*r and car¬ 
bon dioxide*, and wc*ighc*d as such. Tlie liytlrogc*n is (*alculatcd as 
in ilie frcH* states (ccHdficuent 34,500) and the* carl)on as carbon 
monoxide ((*eH*flicicnt 2435). 

It m i*vitle*nt that t-licse arc only approximations, since the 
!iydrogc*n is xiot dise*ngaged in a, fre*e* state*, bnt as a hydrocarbon; 
and its C(K»fIie‘ie*nt (34,500) slnailtl he diminishc‘d by the he*at of 
formation of this compeamd, or, iti other words, by the heat of 
eomhustieai of hydrogc*n and earhon. This eorrection, however, 
is not posHtbkn for n(‘ithe*r the* c^omposition nor state of molec¬ 
ular cnndc*nsation of mivh hydrocarbon is known. The same 
dilficulty exists as r<*gards the earhon, and its lie*at of combina¬ 
tion in the carbon compoimel The^re* are, th<*n, some uncertain¬ 
ties, but not of much imiwrtiince*, in the* determination of tlie 
heat of eomhusiion of fuels. T!u*He‘ unce*rt4untie*s tlie use of the* 
calorimetric iHanh haw entirc*ly avoided. 

A hm ¥J EW *S e • ALOItIMETEE 

Tlic* apparatus usc*d by Ak*xe»jew was compoM*d of a glass 
combustion«-ehanilK‘r A (Fig. 4), in which lie burned the eoti! 
pn*viously reduce*d to fragmt*ntH. Them* friigments wa*m plaeed 
on a platinum grating in the eaaifer of the chamlaax The fuel was 
kiiitlk*d by mt*ans of a plalinuiii sponge plimed over it, on which 
impifige*d a j<*t of hydnigen from the* gas-hokk*r M, ofMUiing at e, 
eorreetkai for \vliif*h of e*ours4*, made in the* f‘ak*iilaiion. Ill© 
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grating containing the fuel waa susix-ndcl from the }ikm rotl «. 
As soon as the combustion was atarted th.' .'urrent of h><h<tgi>n 
was cut off by the cock I, and the oxygen allowetl «* flow u, 

thn)Ugh f), the wnat*' gawa pnaamg 
out through the eoil. If the eom* 
bustion waa interrupted, it wiw re- 
kindhal by the hydrogen and phi- 
tinum sponge. 'I'he hydrogen iw-(l 
was cahmlated in grams ami inutfi- 
plied by :t4,5(KK 'I'he nuinlwr of 
calories thus ohtainetl was thnlueted 
from that ealeulaleil from the rise 
in temperature* of tlie hat !i. Aeeetrd- 
ing to Ale»*jc‘W, tin* inijsirtanee rtf 
this eorreetion never exee«‘ded one. 
half of one {KT rent, nml he never 
had to rekindle the ftiel. 

Alexejew dkl not det«*rtniiie the 
unhurried gases, ns exjs'rienet* 
showtxl they never exee<*ded (i R.'i 
per cent. It is imisiwihh*, howev er, 
to determine the hydrogen of the 
hydrtKtarlMins if ilesitt'd, ns fhem* 
would be mixed with the hydrogtsn uscat for kindliiig, part of 
which may, escape combustion. The kindling with hydrogen 
might, however, be replaced by that with enrlHin, r»s in t he Favri’ 
and .§ilbeim;^nn apparatus. 



,4- .X FISCHEIt’s CAWlRlMgTKtt 

Pi^cheip ’mado a combustion-chamlier of silver O.Mt) fine, 
'so that it would bo less easily attiusked by sulphur, from whieh 
the gaseou^ products of coal are nearly frw*. He tlmw off the 
%aste gases at the bottom of the apjairatus (fig. fd, thus avoatmg 
the inconvenience of exit-tubes in tlm cover of the eomhu**tion* 
chamber. The cooling coil was replaei'd by a tlatteued ptjs* id 
a certain fee. A represents the eomhustioiwlmmlter. 'I’he 
oxygen, purified by passing over jHitash and then ilrieil, artived 
by the tube o fastened in the tulie of the eover hy a rtihluT joint, 
and passed by means of the platinum tula* r into a i iurihle 4 
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of the nanie itieial, eont^aininp; 1 gram of the fuel The crucible 
wan covtnxHl by a grating, which Ikmiiuk'. nal-hot towards the end 
of the oiK'ration. This was inUaided to 
burn tht‘ waste gasc's, a.nd tlu^ bla(‘k 
depoHit(‘(l at th(^ b(»ginning. Th(^ gas(vs 
flow(‘(l out at /, and a.ft(‘r having (UHuh’ckal 
th(‘ outsid* of th(‘ crucible ('scaped at b. 

The tlu‘nnonu‘t('r / showcal whcllua’ the 
t4anp(‘ratur(' (jf the gases was tlu* same 
as tliat of thc‘ hath. 

The caloriim^tric l)ath contained 1500 
grams (5.5 lb.) of wat(‘r, and was pro- 
tc‘et<‘d against, (‘xtcaaial intlucaicc's by a 
wckhI (‘asitig, whih* tlu‘ space* (’ was 
fill(*d with glass wtK»I; !mt this is not 
t«*cc‘SHury. n is a. brass cov(*r whic*h may 
Ik* tliHpc'UHCKl with. Tlu* tliermomtder 
T is (la* calorinu*tric t!a*rnuan<*tt*r; m 
is an agitalta movc*d by tla* string c>. 

Ha* value* in wat(*r of tla* c’aIorinu*ter 
UHt'd by iMHchc'f was 115.5 caloric's. Thc^ 

«‘oal was drit'd in nitrogc'u. The* carbon 
dioxide* and tlu* unburnc'd carbon were 
deitTinincHi, 



Flo. 5. 


I*1Mif*r’s 


!>: 3 


aHOMHKN H CWLOIilMKTKE 



Hionmc'ii's ealorinu*lc*r was dt^sigmal espeeially 
giiHCH and vapors. It in not adapted to lestH of sol 
eonsiafrd flog, tb of a cnloriinetric bath of tliin ! 
eapiicity of soitit* 5 lilres |I05 eu.in.), prob*(*t<*d fre „ 
by a eylindritail elHUiife efivelo|«* and a pliifinum ba^^n of hal^^ 
fi litre (52.5 eii.iii.l eiipiieity, in wlii<*li the burnec^'' 

These were dtdvered tliroiiglt tin* ci|M*niiig at the ^ 

Till' waste gits4*a panmal off through ii coih nnd t^ttiehankRl 
iigitiitor kept the water in riiTiilation. 

The dried giis miis delivered witli |K*rfeet regtiliiaQp from a 
menniry giis4ioldei% siiflirieiif air or oxygen hi*ing lidded to nmder 
it frrt*-biirtii{igi and laioiigh oxygen was supplkal to insure fierfect 
eotiiliiistioii. Hiis ^vns attiiiiied by iilwiiys having 40 to 50 fM!r 
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cent oxygen in the waste' gases. 'I'he gases passt'.l <.fT (hrmigh 

a carbon dioxide absorl)ing apparatus. 

To reduce to the luiaiinuin, or entirely siippre«<. tiu* 
rection for temperature Thomsen irgulateel liw g».s (low- s*. that 

the temperature wa.s ns iituelt higtu-r 
than the air at flie ehw of the 
experinu'iit ns it wu-s lower at the 
iH'giiming. This he easily •Ini l>,v 
mentis of hi.s hydrogen sn|ip!y. If ti 
litpiid was ti'stt'd, it was vnpt»ii»‘d 
and hiirnetl in a .‘ipeeinlly di'viwil 
burner whieh allowed eoniplefe eoin- 
bustion of almo.st rdl eotiijauiiitl-s 
not iuiving too high n hoihng-poini. 
If t<K) high for heat vaporization, 
they were carried along hy a eiirient 
of air, oxyg«*n, or hydrogen, as seemed 
iH'St. 

Tilt' water of the ealoriineler 
iM'ing weighed, the lower portnin 
was closed with a ruhlier stopjK'r ami hy means of an aspirator 
a pressure of 8 to 12 in. of water was put on the appamlUH to 
test the joints. When macly, the lemiM'riiture of the hath and fh«' 
air was noted for some minutes, tlie ga.H-holder reinlmg taken, 
the burner placed in position, and the test eimimeneefl, The 
depression produced by the aspirator was about tt.4 in dnritig 
the whole tost. The regularity of tht' working ivns show n l»y n 
gauge registering the pressure. When the tein|wiatiue had 
reached the desired point tlu' gas was shut olT. the hnna i lemov t d, 
and the opening again closed. 'I’he aspirator wm* tiMal lo dinw* 
dry air, freed from COa, through (he apparatiM t«» inr-un* feimn id 
of all waste gaM. The apparatus was then allowed to 
taking the temperature at short intervals ft»r liflien mimitea, 
AH the data required were then available. 

CAEPENTKH’h CAWlKIMEfBH 

Prof. R. C. Carpenter d(‘vi«‘d a calorin«>ter esis'i ially fur 
coal determinations, which is a nitslifieation nr essfi iiHion nf 
THomsen’s. 
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Fig. 7 IB a view of hin apparatus. It consists of 

a ooinhuHtioiwylitulcrj 15, witli a removable bottom, 17, through 
which paHH(‘B tlu^ tubt^, 23, to supply oxygen, and also the wires, 
20 and 27, to furnisli 


(‘le<‘lrieity for th(‘ ig- 
nit(n\ It also supports 
the** aHb(‘BtoH eombus- 
tion-dishes, 22, UH(‘d for 
lml<ling tlu‘ fiK'l. At 
its top is a. silvti* mir» 
ror, 3H, tc» d(‘tlc‘et. the 
h(*at. Thi‘ plugin made 
of alternate* layer's <»! 
asla^stoH and vulennitt*. 
d1ie prcwluetH of ecuu.» 
bustiem pasHofT tlirotigli 



tlic* npiral tube, 2H, 2!!, 
3(l, 3I, which is ccm-> 
nee’tial witli tlie Hiiiall 
chamber, 3!!, attaclaal 
to tilt* ciutf*r viiHv of 
tia* instrument. Hiis 
ehnmber has a preH- 
siire-gfiugi% 4tl, anti a 
sniatt pinhole tiullef, 4L 
Otitsidf* the chamber is 
the cahiriiiietric Imth, 
b which is eoitiiiaied 
with an «*|Mm gliias 
giitige, !l, III Above 
the water u ilia- 
pliritgiii, 12. us‘*«l to 
iiiijlist ilie hnrl 

Tlit* riilt»riiiieft*r liiiii 



nn ftufi i- iiirkfl I'Stfd Fica. 7. (’.'tris-iiii-r'-. falurinifUT, 

eiiMr, |iiile4it‘ti on flti* 

oiitMtie. I 1 ie bath hoklH itlMiil! 5 lb. of wiilti\ and uses about 


2 griinis coni at :i tiine, It is tliiis eoiiHdenibly larger 
lliiiti the biiiiib, jiiicl the r!i:irii«* lieiiig larger the time roimiiiieil 
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by the test is longer, being some ten minutc^n for gram 

burned. The entire outside dimensions of tlu^ ease' arc' 9| in. 
high and 6 in. diameter. 

In using the apparatus the coal is ground to u powdc'r in a 
mill or mortar. The asbestos cup is lu^atcnl to burn oIT all organic*, 
matter and weighed. Tlie sample is tlu'u plac'c'd in it, and the 
whole weighed again. This gives the weight ci the* c’oal uscal 
Cup and sample are then plaecnl in tlu* (*ombustion-rhamhc*r, 
the platinum igniting wire raisc'd abovc^ the* c‘oal, and the c*un* 
nections made with the l)att(‘iy. As soon as tlu* head gc‘nc*ratt*d 
causes the water to rise in the glass tube* tlie oxygc'U is turiUHl on. 
Then by pulling down the wire's the* c*oaI is kindhaL At this 
instant the reading on the glass sealer must be takc*n. 

By means of the glasses 33, 34 and 36 the prcigrcw c^f the 
combustion is observed and as soon as it. is tinisluHl the* Ht*ak'-rc‘a<I- 
ing and the time is noted. The difT{*ren(*(' htiweam this «eiilf»- 
reading and the one previously made is the “aciual’^ mile- 
reading. 

The correction for radiation is made hy alknving the appa¬ 
ratus to stand with the oxygen slmt oil fca* a Icmgth of time 
equal to that of the combustion, and taking flu* senh'-rc'iidiiig 
and the time. The diffcacaiee betweem thin and the* “aetuar’ 
reading is to be added to the “ aetuar^ for the ** c*orreeiecr’ 
reading. 

Now, by inspection of the c'alibration-eurvc' pr«*viously pre¬ 
pared, at the point corresponding to the* ecarec‘ted scale-reading 
will be found the B.TAI. for the (|uantity burned, dlie ash 
is determined by weigliing the*. asbc'HtoH eup aftc*r the com¬ 
bustion. 

The following shows all the* c*alculation uc'ccIchI: 

cirnfiii 


Weight of cruc.ihlti (iwbcHtoH cup). I 2(»U 

Weight of crucii)le and coal. .1,017 

Weight of crucihlo and ash. 1 r»(i7 

Weight of combuHtilik'H... I 450 

Weight of a^h. 0 207 

Weight of coal.. j. 747 


1.747 graniHX().0()220r)^d).lH):iH.')2 pound. 










W. THOMPSON’S C!Al;OHIMKTKIi. 


First, H(*aI('-r('!ulitiK. ;{,90 in.; liiru' 2 hr. 55 xn. 

Socond HC!il('-r('iuiinK. M .70 in.; tiinn 3 hr. 20 m. 

Tiiinl H(‘!il(‘-r(‘iulinf^. l-l .30 in.; tiau' 3 hr. 45 in. 

“ Actual ’’ scalc-rcadiiiK. 14.70- 3.00- 10.80 in. 

Hadiation correction. 14.70—14.30- 0.40 in. 

(’orrc'ctcd reading. 11.20 

On the ealiliralion-sheet. 11.2 eorrc-spotids to 40.25 B.T.Th, 
and 40.25 B.'l’.U. : 0.003852 12,000 B.d’.U. {xt pound. 

All air must. Ih' remov<‘d from the water in the, hath. The 
apparatus must work at. a constant. prt'SHur(>, and the pi'essun* 
for which it is calihratisl. A pressun* of 10 in. of water has been 
found satisfactory. Complete combustion is always jittained in 
the aslK'stos (aii)s. 

It will b(' sei'ii that, the xise of thermometiTs is obviated, 
and also all eorrc'ctions but oik'. O'lu' ai)parntus is intendeil 
for ordinary (>v('ry-da.y work, and will give' good eomparativt' 
results when used according to directions, which must la* implicitly 
follow(*d. d'lu' amount, of calculation is reduced to a minimum, 
juid thiTC' an' no deliejile parts re(iuiring extra care and adju.st- 
iiK'nt.. k'or tin' ])urpo.s(‘ intended, it sei'ius an advanex' over thi' 
others previously u.sed, wliix-h could nevx'r give inon* faint approx¬ 
imations to correct ri'.sults. 

w. 'I'IIOMI’.SON’s (‘AI.OlUMKTKlt 

VV. 'rhompson devised a eahtrimeter in which th<> combus¬ 
tion is started by a jet of oxygen, but the waste ga.ses instead of 
pnsHing through a coil bubble u|) tlinaigh the water of the culori- 
metrle bath. In this apparattis lla* unccunbined gasx's are natur¬ 
ally neglected. (See Mg. 8 .) It is an apparattis, as the invt'jittir 
says, ntit. intemleil for Mcientitie researches, but. for luuuly ust* of 
mt'chanies or “ for popular us<'.” 

rt i.H a galvanized-iron gas-holder containing oxygen; b, a 
stojwoek regulating the lUivv of water to this holder: il, stop¬ 
cock for gas; c, rubber tulH-; /, level-gauge; a, presstire-gnuge; 
h, la'll-glass covering the plalimim erucible k, in which the coal 
is burned; / is a sup|«)rt of earthenware .susjx'juled from the bell- 
glass by metal springs, and intended to insulate the crucible and 
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prevent too quick cooling; >ii is a 
(4.4 lb.) of water, foniiiuK tlu^ (•ai( 



Fig. 8.—W. Thomp.son’s Caloriiuoter. 


aided by the oxygcui kiiidlcH 
This is an imperfect appnrii 


jrlass jar coiitaining ‘iOOO gram.s 
ifimetrie bath. Water frnui the 
jar m cannot enter tin- bell li 
while tin* cock j is ehi.sc'd, ami 
it is opened only when the 
pressure' in tlu' nas-holder is 
su(Iiei('nt; n is a ulass jar tilled 
with water and surrounding the 
culoriinetrie jar, and p is tin* 
agitator. 

One gram of fuel is put inlet 
tlu' erucibh', and on this is 
placed a small etttlon wick 
imprt'gnated with bichromate 
of potash. This is lighted id 
the instant of putting info 
the jar, and its combustion 
the fuel. 

U.S, and will give in most cases 


only unsatisfactory results. 


HAIUIUh’H ('AI.()UIMKTKIi 

The Barrus calorimt'ter is a modification ol the one just 
mentioned. While it reiiuirt's considerable care in using to 
get correct results, yet it is one of tint simplest mid most inex¬ 
pensive. 

As described by Mr. Barrus, “ it eonsisls of a glas-s biaiker 
(Fig. 9) 5 in. in diameter and 11 in. high. 'Hie eombustiou- 
chamber is of special form, and eonsists of n glass bell having n 
notched rib around the lower edge and a ht'ad just above the top, 
with a tube projecting a consuk'rable distanei* nliuve the upper 
end. The bell is 2| in. inside diameter, fij in. high, and the tube 
above is | in. inside diameter and exfemis lH>yond the bell a 
distance of 9 in. The hase eonsisls of a eireular plate of brass 
4 in. in diameter, with three clips fusteiu'd on the upjK'r siiie for 
holding down the combustion-ehumlH‘r. The base is jH*rfonited, 
and the under side has three pieei's of cork at f ached, which w*rve 
as feet. To the center of the upjx'r skh* of the plate i.s nttai'hcd 
a cup for holding the platinum crucible in which the coal is burned. 





HAUIIJOY AND JUNKER’S CALORIAIETER 
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To the upper end of ih(' bell, beneath the head, a hood is attached 
made of wir(‘ gauzc^., wliich serves to int(T(‘('pt iiie rising bubbles 
of gas and r(‘t.ard their es<‘a.p<^ from 
tli(^ watcT. Th{‘ (op of the tube is 
fitU'd wilh a cork, and through this 
is ins(‘rt(al a, small glass tube* which 
(‘arn(‘S tlu' oxygeai to tJie low(‘r part of 
tlie com!)Ustion™cha,mber. Hiis tube 
is movable* up and down, and to 
some extent, sideways, so as te)dir(*ct 
the* current- of oxygeui to any part, 
of the crueilie* and to adjust it to 
a propei* distaneo freau t-he burning 
coal/’ 

The meihod of working it caii be 
easily hchui from tlu* ck'seription and 
cut, Ve^ry smoky coals should bc^ 
mixed with a proportion of non- 
HUioking coal of known e-alorifie* value*, 
and wiu*ti anthracite* or (aJo* is burncal 
it slioulei be* mixe‘d with a< small 
peuiieui of bituminous e*oal. In Mr. 

BarrusV Inmds the* apparatus has givcm 
very Haiisfuctory n-Killts. Kai. I$nmw Cnlariau-lar. 

UAHTLKY AXn Jt!XKKU'H e’ALOltlMKTFJi 

Hartley’s e‘aleirimc‘tt*r is an apparatus cJ (’onstant pnvsure 
and «’ontinui*el ce>mbustion. d1ic* gas, nu‘asureal by a meie’r, is 
lmrne‘et in a Hunstai Inirnea* surreuinde‘d by a- cylindrieatl c’opiH^r 
ve*H.Hti lille*<! witli wate*r, whieii is constantly naanved. The* 
flow of liquiel is Hueii as to aveid much luxating and suflkieni 
time is UHt‘d lee ima*eaHe* tla* ttunperatun* as f<j leave* a gooel 
<lmrtmuti<*tcr obst‘rvalieai. The* ve»Ium<* or we*ight of the wate^r 
is det«*rmiiied and the* tht*nno!nf*tcT n‘a<linKs takt*n at such int<‘r- 
vals as ti> eJJain an ave*rage. 

Hugo Junkers meHlifu’ation of the* apparatus n*nd(*r(‘d it 
more <*xiict. It lias been ust*d hir some tiini* in (lermany and 
in the Tiiited States. It is cauiiposetl I Fig. Id) of a gas-meter, 
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a, preceded by a very mmiiivo ix'giilator h. Ou h-ax iun the tuelcr 
the gas passes to a Bunw'ii l)unier e. 'I’lu' prothiets of combus¬ 
tion give up their heat to a calorimetric tube </, through which 
regularly flows a stream of Wider. The lempeniture of the giusea 
is regulated by moans of a thermometer e. lu onler to kei'p the 
flow of water as regular its possible, it flows from tli<‘ supply-tubt' n 
into a small reservoir kept at a coiistimt level gmeriie.l by thi> tul«- 
h. The water passes through i to tlu' cidorimetm- iuitl escaiH's 



at k, running into the glass in which it is measured (ir weighed. 
The graduated tube I is to catch the condcnscil water from the 
interior of the calorimeter. 'Phe therm<»meter /« shows tlw heat 
of the escaping water, and n that t.f the water iuiferittg the eidt>- 
rimeter. 

To calculate the calories generated during the eundmstion 
proceed as follows: 

^ Measure the quantity of water which runs through it iii one 
minute, take the tenifMTature of the two thermouii'ters, and little 
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the flew of The lieal of combustion jxa* ciilnc meter of 

burned gas is ot)tained by multiplying tlu' voluuu' of water flowing 
p(T minute by tlu‘ dilT('r('ne(‘ of th(‘ t wo tcMuperaturc's and dividing 
th(' product by tlu‘ volunu^. of gas bunual pen* minut(‘. 

Thus: 


Voluriu^ of wat('r flowing per minuter . . . 902.3 cc. 

Volume' of gas buriu'd pi'r minute'. 2500.0 cc. 

Tc'mperature at inh't.... 13.1® (•. 

T('mp('rat.ur(^ at outk't. 27.5® (<. 


Q 


002.3 X (27.5 
25.. 


13.n 


5100 caloric's. 


The gas tc'stc'd lias a value of 5100 (‘aloric's per cubic*, metor. 
Hinc'e one calorie (H|uals 3.00S B.T.U,, and a cubic mc'ter is 

35.310 cu.ft., multiplying the* caloric's pea* cubict mcRt'r by 

tS5..H() 

= 0.11235 will give* the* H.T.lb per culat; foot. 

Multiplying, tlu*n, 


5100>0.11235 5K3.8 B.T.U. pc'r c'ubic foot. 

Till' above* example* conside're*d the* volume* of the* wafc*r. If 
is Homc'tinus advisable* to cemsidi'r the* weight instt*ad. The fob 
lowing c'xample* illustratc's this; 

Weiglit eJ‘ watc'r UHe*d during the test... . 2000 grams. 
Volume* of gas burne'd.. . ............. 7,23 liters, 

Tempe*rntun* at inle*t.. .............. 1*1.4'^ 

Tc‘miM»ratun* at eaith'f., . . . .......... 30.5^ {\ 

Thvn 

' - td02 c*aloric*H pe*r cubic mc*te*r, 
and 

0102X0.11235^01850 li.T.ll |H*r cailac foot. 

Two cause's of e*rner may occur. It is n<4 ce*rtain that the 
comhuHtion of the gas in the* hurnt‘r is re*gular; indicatiems by 
giis-mi'ters are* no! always ve*ry sure, tlie* start being eapricious. 
But them* do not have mui*h wc'ight in tlie use of this eolonmeter 
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for industrial purposes, for which it is chiefly designed. The 
results are very near those obtained by other nudbods. Htoli- 
mann, whose competence in such matters is universally recognized, 
says that it gives good results. 

Bueb-Dessau, to prove the calorimeter, burned liydrogcui pre¬ 
pared by electrical decomposition, and obtaiiunl aftc'r cornadionB 
for thermometer and barometer 34,150 calori(\s peu’ kilogram— a 
difference of 350 calorics from the usual mimbc'r, 34,500. 

Prof. Jacobus has determined that then^ is a (‘onst-ant error 
due to neglect of latent heat of moisture in products of com¬ 
bustion of —2 per cent in the determinations with this apparatus; 
otherwise it is quite satisfactory. 

LEWIS THOMPSON'S CALOHIMETER. 

Lewis Thompson's calorimeter has l)een uscal in England for 
some time. It gives only approximate n^sults, but as tlu' cTrorn 
are of the same kind in each case, the rc'sults ar(‘ c‘ompariible, 
and it has been found serviceable in industrial works wluTe quick 
and comparative observations are reciuired. 

The apparatus (Fig. 11) is compost'd of a glass caloriinefor- 
bath H containing water, a copper cylinder E in wliicdi a mixture* 
of coal and potassium chlorate is placed, and surmounted by the* 
nitrate of lead fuse F. Enclosing this (cylinder is a hdl I), having 
a tube C carrying a stop-cock. Tlu^ cock is vhwxl btJore putting 
it in position in the water. K is a tdeaner for the tuhe^ C, ant! J 
is a thermometer. 

The fuse is lighted, and the whole quickly put in the* jar of 
water. The mixture of combustible and potassium c»hl(»riite mmti 
ignites and burns, all the gases generated being for(^(*d out at the 
bottom of the bell through the perforations, and bubble* up through 
the liquid. After the combustion is finished t!ie t.em{MTOl iirtt i« 
taken and the heat-units caleulai(‘d. 

From 8 to 10 parts of oxidizing mixture is roc*ommi*ndecI fm 
one of coal; but if the coal is very rich this must Im increii«iai to 
11 parts, calculated on the crude coal Witli pure mill, mnkm 
out, the extreme limits arc 11 and 14 parts. It would prcibiibty 
increase the accuracy of the method, if the same quantity iif 
oxidizing mixture was employed, whatever the kind of eoal iw»c|, 
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mixing with it ineri. substaiu^vs, as silica or ground porcelain, in 
quantitikvs varying vviOi ( h(‘ richn(\ss of thc^ coal. 

Scheiircr-Kcsln(‘r ttvslod (his apparatus vcay carefully, using 
a great variedly of fu(‘ls whose' heals had hcH'ii pn'viously ascer¬ 
tained by means of Favrc: and Silbernuinn’s calorimeter. He 
found somc^ 15 per cent deficit, in the figures, and after correcting 
by this amount, tlu' n'sults vavic'd only a few per cc'ut from those 
a(‘.tually obtained. In thirty difh'rent kinds of coal tested the 
average was 1.8 per C('nt too low. 

The use of this calorinu'ter requires some skill. Its imper- 


B 
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feet iuHuliition rtHfuirc's prompt reading and rapid combustion. 
Care must, be takem tc^ work at tcanperiitim's veay close to that 
of thc» n»om, m the* cnlcjnmetric* hath is not proti'ettal The 
propcations of tin' mixture' uhchI vary, m^t cmly with (‘iic*h kind of 
coal, hut hu’ each sample, on acecamt of tlic' proportions of c*inders. 
Flit eoals rcHpari' more oxielizc'r timn lt*an cfinls, as it is evident an 
iiiereiise in cjuantity c^f eindc*rsHhcatld rcHpiirea decrc'ast' in oxidis^er. 
But in ehiinging tin* pn»portions of oxidizer a ec*rtain diflerenca! in 
t»leviitiori cef tcanpc'raturc' is nectwanly produeed by the hcait of 
solution of tlic» salts Icdt affca* the' eomhustiem. These various 
eaups rendc'r its working riitlu'r dthcatc*, and always uncert-ain. 
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CALORIMETERS WITH CONSTANT VOLUME 

The results obtained with a caloriinet.er of (constant volume 
are not exactly the same as those obtainc'd witli one of (‘onstant 
pressure; but for solid or liquid substances the difTennu'c^ is too 
small to consider, since the volume, as well as tliat of the water 
produced, is inconsiderable in relation to the vohnnc^ of gm 
employed. As regards the correction for contraction and exparn 
sion of the gases, they also arc inconsiderable. 

The earliest calorimeter of constant volume is that of HiomaH 
Andrews, who in 1848 published results ot)tain(Hl with a dom'd 
calorimeter. The calorimeter w^is not applicable^ to or 

liquids; the combustion of the gases was conducted as in a ('udi- 
ometer, but he did not take all precautions nc'ca^ssary to Ih^ 
certain of complete combustion. Nevcrtludess, the n'Hults oIh 
tained for certain gases are remarkable, considering the' (4t'int'ntary 
character of his apparatus and working. The coml)U«tioii of 
solids, on the contrary, gave worthk^ss results. 

The calorimetric bomb of Berthclot and Vk'lle seems alhi 
to replace advantageously all the other calorimett'rs m much by 
its convenience as by its cert-ainty of results. 

Since Berthelot and Vielle/s original form was published many 
minor changes have been made in the bomb. All tht' mock*rii 
workers seem to prefer some modification of this form, in prefer¬ 
ence to any of the other and older kinds. There are many points 
of superiority possessed by the bomb as regards ease and rapidity 
of working, accuracy, convenience, etc., winch have! caused it 
to be universally used. 

ANDRBWB^B CALOMMETEB 

In 1848 Andrews published his labors on the heat of eom- 
bustion of bodies, and notably on that disengaged by (‘omhuittioii 
of different gases. He used a calorimeter of constant volume, 
in which the combustion chamber was a copper cylinde*r (Fig. 1.1) 
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weighing 170 gnutiH ((> ounces), of 380 cubic centimeters (about 
23| eubi(‘, inc^h(\s) (‘apaeity, and (capable of nvsisting the pressure 
exertcnl by tlu^ e.onibustiou of the sanu‘ volume of olefiant gas 
((J 2 II 4 ) with oxygcni. 

At tlu^ upper part, tlu". (cylinder had a small conical tube (;losed 
by mc'ans ol a pcu’fect-fitting stopper b. A silvcn* wire a was fixed 
in tliis st-oppea, and to this was soldered a very 
fine platinum wire for igniting the gast^s by 
a galvariic? curnmt. The mixtun^ of gases 
was prc'parcHl as for eudiom(‘tric analysis. 

Tlie comI)ustion-(TamlHa’ was (otin'ly f 
Hubnua'gcal in a glass (yliiuler lilU^d with water, 
of whit'll tlu^ tonnMM*atun‘ was regulatcal so as 
to eomptmsatcMipproximatelv for ilu'proliable ».> 4 1 , 

UHt‘, and thus avoid cornadions for mlhumct' (’alorinuSer. 

<if (‘xternal air. Tliis eyiintier was put into 
anotluT, also of glass. A rotary motion impartcal to the 
cylindt'r nidtai carculation in tlu‘ licpud during combustion, wliich 
usually lasttal thirty-five' staaaids. 

Amlnnvs also applied his (ailorinu'ter t-o ilie combuBtion of 
Holitls, but. judging from tht' Itiw results lu' did not have perfect 
combuHtion. Tlu* r(‘sults obtaincal with Home* of the gam's, on the 
contrary, arc* cpiite reliable, notwithstanding the imiH'rfections of 
the apparatus. 

C'ALUltIMETme BOMB OF BEHTHELOT AND VIKLLE 

Of fill tlu' ealorim«d«*m known to-day, the ealorimetric boml> 
of Beriht'lot is that whit*h oilers tlu‘ most advantage's. Only one 
oiM'rator is maakai; tla* eomlaistioii is |M*rfca*t; the gaseous prod¬ 
ucts ntaal not he analyzed to dc'tc'rmint' the {amibustible substaiiee; 
no weight nave that of tfa* Hubstanca' umal is ncaaled; and it is as 
lippliealile to soIidH and litpiiils as to gam*H. 

Wlitle its iiKc riaiiitia'B oxygen undm* liigli pressure, this pres- 
IIlire (25 atmospheres) itiiiy bi* readily olitaiiied with a caan|>reH«ion- 
punip, whicli is easily proeuretl; and at tlie premmt time oxyi^m 
may k* bouglit Hnflic'itmtly eompresmal for tlu* purposix Bert helot 
states thill ns much as 5 or evem U) |M'r cem! of nitrogtm is allow¬ 
able, lait that the luttvv limit must not be excia'decl. 
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Mahler used compressed oxygen, and obtained good rcwilts 
with that bought in the Paris market. Phis gas is furnish(Hl in 
steel tubes and under 120 atmospheres pressure. Ph(^ (ylindcn's 
contain sulSicient gas to make a large numl)er of (‘xpea-imemts 
before the pressure falls too low, i.e., lielow 25 aimospheax's. 

Fig. 14 shows the bomb adjustxul ixaidy to phua^ in tlu‘ ealor- 
imetor. Full details of the (xjnslruetion will lu' 
found in Berthelot and Vielle’s tr(aitiH(% la 
force des mStiers expkmves^ vol. 1, p. 245. 

Fig. 18 shows the arrangxanent ndoptial by 
Berthelot to burn solids, llie eylimka’ (Mg. 15) 
is lined with platinum, and eonstruetcal so an to 
resist a pressure of 200 to 300 atmospluax’s. It 
is furnished with a tight^itting laaid (Fig. 14) 
fastened exteriorly by a piece of si(x4 (Mg. 10), 
clamped on the external fa(*(' of the bomb by a 
screw-clamp (Fig. .17), which do(‘s not form a 
part of the apparatus as immca’scal. 

The scaling of the* bomb rcwilts from tlie 
adherence of the margin of the hcxid BH (Fig. 
18), and the interior of the cylincka*, and also beiwexm tlu* 
platinum of the head and the platinum of the cylinder. Bm1ht4oi 
made the joint tight with a smearing of vaselim^ around tlu^ 
opening, being careful not to have a tracer on the imuk. If no 



Fig. 14. 



bubbles escape on putting it into the calorimotrie hath, tlio joitifs 
are tight. 

The cover is pierced at the center with a small hoh-, iu which 
is fitted a tube formed of a hollow screw acting as a cock, atul itself 
provided at the upper end with a circulax head. 'Fhe <*lcctric 
ignition is produced by a platinum wire B fitting in an oimiing 
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of the removable coiiicuil eov(‘.r. This is prei)ared (Fig. 18) in 
advance, and is covered with a layer of gum lac applied in a strong 
alcoliolic solution. Wlum the first coat is dry, a second one is put 
on and dricnl in a stove. Iha*thelot. says that the (combination 
of these two coatings, one (histicc a-nd soft, tluc other hard and 
britlle, rccsists veay W(‘ll thc^ caionnous prc'ssure on the (‘one. 
This cone, lightly gn^asial, is put into th(‘ coni(‘al opening in the 
bomb cover, and scnuviHl up tight by nuains of a nut. It is well 
to protect tlie base of tlic cone by a him of mi(ca. 




An eh'ctric cnirrent passtnl thrcnigli K (Fig. IH) riaidems the 
spiral of very thin iron win* / pliU‘(*d betwi*en the platinum win^ 
and one of tlie supports SS of the capsule re ctmtiiining the sub¬ 
stance m. This iron wire noon burns and kindk*s the eomhiiHtihle. 

Fig. 1!^ giv(*s a general and complete internal view. 

Tht* iron spiral is formed of tin iron wire f'lo millimeter 
(O.tHH in(*h) thick, rolltnl up on a spindle. I1ic» wire* may Im..^ 
weighed, or by taking the* saint* h*ngfh of wirtc tlie same weight 
will always bc! uhc*cI. 
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The spiral .is attached on one side to (Ik^ eoiu', and on tin; 
other side by means of a platinum win^ to llu' plaliniun sup¬ 
porting the fuel, taking care that, the iron has no s(i-uight por¬ 
tions. The support of the capsule or platinuiti-foil is Hum lixe<l 
in the cover, by aid of the screw, arranging it so (hat tlu' spiral 
is directly over the combustible us('d. I'lu' eovi'r is put on, 
turning it gently to make liu'. con(.act mores peifect,. Tins nut is 
tightened and the wire carefully screswesd up, always using woodem 
tongs to prevent injuring the bomb. 

The form of the bomb is such as to ix-rmit. filling f.he calo¬ 
rimeter with the smallest possible (luanfify of waf e'r - a necessary 
condition that the temperature, and consecpiently flu* precision, 
attain a high degree. Tor solids and also for coal Bindhclof uwd 
bombs containing 400 to 000 cubic centiuK'fers (24 to 37 cubic 
inches), placed in a calorimeter of 2000 graitis (4.4 lb.) of water. 

To determine the heat of combustion of coal, for itistance, 
it must be previously reduced t,o powd(‘r in oialer to have' a sample 
whose cinder is known. As all kinds of coal do not burn com¬ 
pletely in this state, they are formed int.o pastilles,* which an; 
weighed and burned. They are put on a platinum grating or 
foil, placed on the support S8 (Fig. 18), ov(‘r which and in con¬ 
tact with it is the iron spiral. At tlu^ instant of lighting a slight 
noise is made, and soon the th<'rmoniet.('r begins to riK(*, showing 
that the combustion is procic'cding. 

Compressed oxygen may Ik* introduced citlu^r by a pump 
drawing the gas from a hohU'r or by using a compn'Ksed-gas 
cylinder. In both ciises the gas is used without drying, if th<i 
combustible contains hydrogen in ((uatitity (‘lunigh to sufurate 
the gases formed with water produccnl by its combustion. Hut 
if, on the contrary, the cornbustibk* has litth^ or no hydrogen, 
like wood-charcoal for instaiufc, it is immaterial wludher tin* 
oxygen be dry or not. In this case; it is well to uw* the oxygim 
moist, or to put a little wate.r in the bomb on the internal walls. 

* We obtdn very rosiating poatilloa or briquettes from fiit etmls by simple 
compression in a pastille or suppository moultl su(4i as us«hI by tlruggists. 
With lean coals, or anthracite, the pastilles ar«! too friable utal burn incotit- 
pletely. This is easily remedied by mixing with a small <iuimlity of silirnlo 
of soda solution. Several of them should bo mado at a times the cimlcrM of 
some being determined to obtain a mean and the of hers l.urned in the Isunb. 
They may contain about 1, gram of pure eoal. 
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By iluB nioana a corrcH'.tioii for heat of vaporization of water 
formed l)y ilie (X)ml)UBiion is obviated. 

Oxygen compreHscxl to 120 atmoBpherc'S m nearly dry. Berthc- 
lot obnerveH: Tlie oxygen iw, in short, a(‘tually or nearly dry, 
and if it contains a(iU(X)UH vapor tiu^, tension is reduced to one- 
fourth or on(‘,“fifth on a(HX)unt of the change in volume of the gas 
during its passages through tlu^ bomb. It may be nearly nullified 
by the (*old productnl at the* instiuit of filling the bomb. This 
admitted, we sliall Imve to account in most combustions for the 
evaporation of tlu'; water prcxluctnl in thc‘ Ixunb; and this is from 
2 to 3.5 calories ii\ a Ixnnb of Va liter (about O.G pint), or 5 to 6 
calories in a bomb of (K)0 to 700 cubic centimc‘t(‘rs (37 to 43 cubic 
iiiches), Tlx‘He are rather small (|uantitic\s, it is true; but while 
thc'y can !)e ncglcx^tcxl in indust.rial tests, th<‘y cannot in rigor¬ 
ously Bcientific invc^stlgations. Thin corrcx4ion may, howevtT, be 
neutralizxxl by putting into the bomb 4 or 5 cc. of water, which 
should be considiu’cxl in thc^ cahailations.^’ 

Wlien oxygen not pnwdously comprcmxl is used and forcxxl 
in by a ptunp, Berthc'lot reconmuuuhxl passing the gas through 
a large red-hot copp-ta* t.ulx^ filhxl with oxide of the same metal, 
HO as to hum any oil whieh may have Ixxm taken from the pump. 

Operation.---At. the labonitory of the ColU*ge of Fran(*e the 
succc'Hsive operations are as fidlows: 

L Light Ilie fin^ to lieat tlu‘ oxyg(m rcxldiot; 

2. While' the* gaH-holdea* is filling with oxygen, the fuel is dried; 

3. Weigh iht‘ fuel; 

4. Plac<» the fuc*I in the Ixanb; 

f). Cirease tlx' cover sliglilly; tightcai with tlie sc*nwv; 

(L Begin to compnw the oxygem by fonang tlx* air out with 
a few HtrokcH of tlu* pistem; pump slowly to prevent Ixaiting the 
pump; 

7, Closer tbe Btoi>-coc*k of tlx» puitip; break tlx^ connection 
with the bomb, extinguisli tlx^ firt‘, and replace tlie Ixanl) on 
its support HO ns to carry it to the ciilorinx*tc*r room; 

H. Ikair the water into tlie calorimetric hath. 

The apparatus in allowed to eome to equililirium, and the 
naidingH <»f tlx' tlxaiimmcder tnk«*n f<a five minutes. The iron 
coil ia then lx*ated by the elertrie current from a small biehromata 
battery. It takes fire and kindles the eomlnisiiltie, whieli gener- 
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ally burns without smoko or produciiifj; any carbon monoxide, 
as Berthelot has shown.* 

The water condensed from the comlmstion conlains Hinall 
quantities of nitric acid, showing impcu-fcuilly purilu'd gas. This 
may be determined by titration, if accuralc^ resuKs arc Houghl, 
and calculated as 0.227 calorie per gram of UNO;). I'hc cor¬ 
rection will be very small. A correction for (he iron UHcd may 
be made at the rate of 1.65 calories per gram, this lt<‘ing (lie lient 
of formation of the magnetic oxide. 

With substances containing nitrogen and sulphur, such as 
coal, the corrections arc more complic,a(<'d, as a larger (piatdity 
of nitric acid is formed and the sulphur forms sulphuric acid. 
If exactness is sought, it will not be suHicieni (o make a volu¬ 
metric test; the sulphuric acid must be delermiiied separafely. 
Generally, however, this estimation may be dispensed with, if 
for technical purposes only. When, on the contrary, absolutely 
correct figures are desired, both acids must, be e((nHidered. In 
the calculation the nitric acid is n'ckoned as 0.227 calorit> |K‘r 
gram and the sulphuric acid as 1.44 calorirs per gram. 

But these two corrections are. really unimportant even with 
coal, as it contains usually only about 1 per cent, of nitrogen or 
sulphur. One per cent of nitrogen n'prew'iits 4| js'r cent of 
HNOs, or 10 calories; one per cent of sulphur represents 3 per 
cent of H2SO4, or 43 calories,—both quiUi small eompawHl with 
7000 to 8000 calories. 

Below will he found the details of a complete combustion 
taken from Berthelot’s work. 

HEAT OP COMBUSTION OF CAIIBON 

Wood charcoal, purified by chlorine at red heat to remove all 
traces of hydrogen (Favro and Bilbermann’s mtitlual), is dried 
at 120 to 140 deg. Cent. (248 to 2B4 deg. Kahr.), then weighed 
m a closed tube after cooling in a sulphuric acid ilesiecator. 

♦With very fat coals it sometimes Imppens after a eombiwtbn that the 
platmum shows a black or brown mark, indicatim? a Hliaht dejKwit of fdiiefc 
or tar which has escaped oombuation. Oecwtiomdly, also, n trace of tiir in 
found at the bottom of the bomb. These may tie prevented by uain» a 
ratmg or perforated plate Instead of the foil. This deinil must 1» attended 
to with a new coal 
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0 . 4:57 grain carbon; (diuU'i’H, 0.0028 gram (0.00 per cent); real 
carbon, 0.4:542 gram. 


Pkkciminauy I’kuiod 


0 rninuia...... 

1h(. 

2d . 

... 17.:5()0'’ 

... 17.:50() 

... 17.:50() 

1 3(1 nunute. 

4 th . 

... 17.800° 
... 17.;500 


(’oMlltlHTION 


Hill nuiiuio. . . . . 

Oth . 

... 

... 18.7H2 

7th ininuk. 

8th . 

... 18.820° 

... 18.818 


StiiiHKqrKN 

;t pFJdoii 


Otii minute. . . . 
lOth 

11th - 

... 18.810" 

....18.802 
... 18.705 

12th ininut(3, . . . 

i:5th .... 

14th . . . . 

... 18.785° 
... 18.775 
... 18.7()8 


Initial cooling per ininuti', 

A/(, - ().(K)°. 

Final cooling per minute, 

Ain =■ +0.(K)K‘’. 

Correct ion for cooling, 

At +o.or)tP. 

Variation of teiniMTuture, uneorreeted, 

IH.HIK" 17.:500". 1.4:58“ 

Value of corrected tenipi'rature, 

1.4:5K“+0.0r>0"- 1.4H4”. 

Value in water of (he ealorinuder (including oxygen), 
wp 2:508,4. 


Weight of acid formed; 

IINOa^f) ee. of ’A'o normal KIlO - 0.017:5 gram. 
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Total heat observed, 
Heat of iron coil 
Heat of 0.173 HNOa, 


= 3.5502 calorics. 
^3 01 ” ^*'^*^**'^ caloric. 


Real heat due to the carbon, 

, 3.5320 

or for one gram, 


3.5320 calorie.s, 
= 8.1305 caloru's, 


or per kilogram, 8130.5 calorics, 

or 14,022.3 B.T.U. per pound. 




CinAPTIi'Jl V 


THE CALORIMETRIC BOMB ADAPTED TO INDUSTRIAL 
USE BY MAHLER 

'Tuk caloriiuotric honih of BorMu'lot conts coiusidonihly luoro 
than can ho paid hy uii iiiduHtrial lahorat.ory, owing to it,s largo 
amount, of platinum. Mahlor r<‘plac(‘d tho intorior platinum of 
tli(^ houd» hy an onaincl depoBilod on tho Htccl. Tho desorii)tion 



givon hy him in hia paiMT l«‘foro tht* d'Knmuragmietd de 

linn's, in .luno, IStt’i, w aa ftdlowa: 

Tho apparuttw ia Hh<»wn in Fig. 20. It oonaLstH oaw'ntially 
of a Ht.ool Hholl, /^, oapahio of roaisling 50 atmo.Hph(‘r<‘s and 22 jht 
o(‘nt olongation. TIuh cpudity waa carofully ohoH<'n, not only 
on acoount of tho pro.HHuro it mu.st Ktaiul, hut alwi aa it aid.H tho 
onamoling. 'Pht. motal ia vory puro, containing hut little phos- 
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phorus or sulphur. Tensile strength tests nn' tin' best, eriterion 
of quality. 

The bomb has a capacity of 054 cc. (40 eu.in.) at 15 deg. (’ent. 
It is gauged with a balance showing '/.-.ckkhi. 'riie total weight 
is about 4 kilograms (8.8 lb.) with the- aeces.sori('S.* The juetul 
of the walls is 8 millimeters (about. 0.5 in.) thick. 

The capacity is greater than Berthelot’s, and has th(' advan¬ 
tage of insuring perfect combust ion of carbon in all ca.ses, diu* to 
a certain excess of oxygen, even when the purity of this gas as 
bought is not quite satisfactory. Besides, it is designe<l to sttuly 
all industrial gases, even those (anitaining a large iH-recudage of 
inert gas; hence it must be able to use a suflieiently large (puin- 
tity to generate the required temperature. The eontraetion at 
the top aids in enameling. 

The shell is nickeled on thq oulsid<', while internally it has 
a coating of white enamel, resisting corrosion and oxidi/.ing action 
of the combustion.t It does not, liowevt'r, otTer r«‘sistanee' to 
the heat, being very thin, and it, weighs only about 2(1 grams 
(308 grains). 

The bomb is closed by an iron stopper made tight by a lead 
washer (P, Fig. 21) and clamped down. This canh's a eonieal- 
seated stop-cock. It, of fine nickel—a metal almost \moxi<lizable. 
An electrode well insulated and reaching th(> interior by a plat¬ 
inum wire runs through the stopiK'r. Fig. 21 shows most of tlu' 
details. Another platinum wire, also fixed on thi* ctiver, supports 
the platinum disk or foil on which the find is placed. 

The calorimeter, the noiwtonducting material, the support for 
the bomb in the water, and the agitat.or difT('r in numerous details 
from those of Berthelot, and are mu(‘h cheajxT. 

The calorimeter is of thin bnvss, an<l is (juite largt' on account 
of the size of tho combustion-chamber. It contains 22tK) grauss 
(4.85 lb.) of water, thus eliminating the cauw's of err(»r «lu(* tt» the 
loss of a few drops by evaporation.J The agitator of Bertludtd 

* Slight mocUfioationa have I)om made in the dimeriHiona of tho Mictnl 

of the bombs made lately by 

t Prof. W. 0. Atwater finds tlmt the onatnel ehiiw off in tinm, anti that 
after about 300 combustions it requires rc-cnanusling. Hcmiwl for 
determinations uses one without any inside enamel. 

t The evaporation never exceeds a gram per hour. 
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m HupplaiiixMl hy a very simple and |»;entle cinematic combination 
calk‘(l a drill moveanent.^ and which can be worked without fatigue. 
Th(^ Hour(H5 of (‘le(*,tricity for ignition is a Trouv6 bicdirornate 
pik^ (/*j Fig. 20) of 10 volt.s and 2 amperes. 

Tht^ oxygen uh(h 1 is that furnislHul l)y the Compagme C<m- 
tinentale (rOxygene. This company suppliers oxygen free from 
but containing from 5 to 10 pea- ecait 
of ni(rog(‘n. This nuauis of supply sim- 
plifies the manipulation; it also obviates 
tlu^ intrcoduction of gnaisc', as lmpp(‘ns with 
oxygen compressed by a pmnp in the lal) 0 - 
ratory,* 

The cylindca’H vary in and contain 
gas at a pnwureof 120 atnu^sphen's. The 
average^ content is about 1200 liters (about 
40 e-U.ft.) compressed. I'hey have a unb 
form t-c^p, and Imwv the copp<u' pipe eon- 
nc‘c4ing the bond) with the manometer and 
tlie eylinderj once adjust cal, will fit all of 
tlican. 

The metluKl of working, wliieli is simple, 
is as follow’s: 

Weigh 1 gram of tlu^ substance to be 
tt'Bted in tlie eapHuk\ Fasttm a small 
wf*igluHl iron win^ (FngliHli gaugt^ 20 or 30) 
to tlie c4ectrodt^ and to the snpport of the Fiu. 21. 

cnpsult*. Put thc^ iuitl in thci bomb and 

fasten in the t^ovcT, wTieh sliould be h(4d in a. vise. Piit the 

eoniciil stop-eoek in eonnendion with tlie oxygen eylindcT, and 
open it carefully so as to allow suflieient oxygcai to pass in 
for the reciuiretl prensun*. (‘kiw* the eoek of tlie oxygen 

eylind(T, earcdully ekme th(^ <‘onieal cork, and break the con¬ 

nection between fht^ !)omb and the oxygen {cylinder. Tfie BUli¬ 
st anet% c‘HjKn'ially if coal, must not Ih^ tcH> fmt% ami the oxygen 
must flow in very slowly to avoid blowing any of it from tlie 
capsule. 

The liomb thus is plactal in the* calorimeter, and 

the thermometer and agitator adjustcal The previously weighed 
* This gft« m film) cnaifircwMal by pump at the works. 






46 


CALORIFIC POWER O!*' FEELS 


water, is poured in, agitated a f(‘w inimitc*H to rentorc* tHiuilihriuni 
of temperature, and the observations bc'gini. 

The experimenter notes the t(anp(‘raturc‘ iniimti* hy minute^ 
for four or five minutes, and clttcTUiitiC's t!u* rate* of flu* tlu‘r- 
mometcr before the eoml)Ustion, Then la* joins llu* elcairodes, 
and the combustion begins inmuHliatcty, almost instnnlaiUHmsly; 
but the transmission of h(*at to tht‘ <*alorimeter takes Ktunc* 
time. 

The temperature is taken o!H‘-hnlf minuti* after kindling, then 
at the end of the minute, tluai at (‘aeh miimte to the time when 
the thermometer l)egins to lowca* rc‘gularly. This is f he niaximiiim 
The observations are eontima‘d for a tvw miimfeH more 0i iiseta- 
tain the rate of fall of t(an|H‘nituna 

Wo now have all the (‘lemtads iH‘edtHl hir the raletilafion, and 
particularly for the Hingli‘ eorrcHdioii necessary to make midtT 
the circumstarum This is (la* eorreciion tor hiss of lient befure 
reaching the maximum t(*m|M‘riiturc% wliieh is t|iiife simdl rote 
sidering the short thne and the large inuHs invotveiL 

It is not necessary to use t!ii» (‘orreciioiis of fli^gnaiilt imd 
Pfaundler with this apparatun. KewfcaiV law of ef»tiliiig gives 
sufficiently accurate n'Hults, c^veii in rigorotis iiHesiigalitins. 
Special experiments mack* to chdenniiii^ the rate of eooliiig of 
the water in the e-alorimcder, when tlie n|ipiinifiis was sot ii|i m 
usual, showed that the eorre<di<»ii may be rt*giirded im following 
a simple law, but betwcaai eonipfirattv«»!y large litidts. even under 
a variation of several himdrcHl gritnis in iitticitint of wiilrr timal. 

The law* is 

1. The decrease in temperature observed after the iiiaxiiiiuiti 
represents the loss of heat of the t%»iloriiiieter hvUirv the iniixiiiiiini 
and for a certain minute, with the eoiidifitui tlmt the mmu teiii« 
perature of this minute ilmm not dtfer iiiort! thnii iiiie ilegrer frimt 

the maximum. 

2. If the tomporature eotwideri^il differs iiiiire tliim ofii^ ilegrei* 

but less than two degna^s from tin* iiiiixiiniiiin tla* rt‘|ire- 

senting the rate of deerimii! diiiiiiiisliefl by lirg, will }i|. ihe 

correction. 

The two preceding remarku siif!if«* in all milit Mmhhfn 

’“It is evident that the rule mtwt Im* fur iniliiliii* ilif* 

ferent from that used by Muliler 
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apparatus. The variation of heat in the first half-minute after 
kindling may also be cjorrected by the same law. 

The agitator must be worked continually during the experi¬ 
ment, care Ixnng taken not to disturb the thermometer. 

When through, tlu^ conical valve is opened and then the bomb, 
llie inside is waslual witli a little distilled water to collect the acids 
formed. The proportion of iidih (‘.arried away by the escaping 
oxygcai at tiie op(ming may be neglecded. The acids are deter¬ 
mined volumetrically. 

When experimenting with substaiu^C's low in hydrogen and 
incapable of furinshing suffuitait wa,t.(T to form nitric acid, it 
is advisable t.o put a little water in t.hc^ bomb, or hyponitric acid 
would be fornunl. 

All the data bcang obtained, we proceed to the (‘aldilation 
of the calorific power Q. 

I/ds Tij 1h^ t.he tennperature of water in calorimeter before ignition 
of fuel; 

maximum t^nupcTature of water in calorimeter after 
ignition of fuel; 

A be the olmervcal dilTerenc(‘. of temperature = !ri); 

a, the correction ha* cooling; 

I\ the wenght. of water in the calorimeter; 

the eciuivalcmt in water of t>he bomb and accessories; 
p, t.he weiglit of the nitric^ acid, HNOa, formed; 

|/, ilie wtnghi of the iron; 

caloric^ tla* Iidit. of hannation of 1 gram of nitric acid; 
l.d calcaies, i\m heat of combustion of 1 gram of iron. 

We ihvAi havt! 

Q ^ iAHi)iP+n-i(lZip+^ 

In tc^sting coal in this inanncT the small amount of sulphuric 
acid formed will be re<*koned as nitric* acid without serious error, 
m it will Ix! vfTy small The lieat of the reaction is 1.44 calories 
|ier gram of IIl»H ()4 formed 

The above details a|iply to Iic|uids as wcil as solids. Heavy 
liquids, such as ilie lieavy oils, tars, c4c*., are waighcal directly 
into the capsiilct; but light, easily viiporiml li(|uids must be 
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placed in pointed glass bulbs. These are put into tlx* eupHule, 
and just before closing the bomb ani broken to allow ueeesH of 
the oxygen to the liquid. An almost ix-rfect eombuslion is oIk 
tained in operating with a great variety of matt'rials, nothing 
but cinders remaining. 

To determine the calorific power of gases tlu' exact eontimt 
of the bomb must be known. It is first filled with gas and th<* 
air-pump reduces the pressure to several millinu'ti'rs of mercury, 
after which the bomb is again filhal with gas, under atniosph<‘rie 
pressure and at the laboratory temperature. The bomb may 
then be considered full of pure gas. 

The method of working with gases is the same as with hoU<1s 
or.liquids. The operator must not forgi't tlm need of pri'venting 
too great dilution with oxygen, as llu'n the mixturi' will «'<-ase to 
be combustible. With illuminating gas 5 atmosphews of oxygen 
is sufficient, and with produci^r gas only on(‘-half utmospheri*, as 
shown by the mercury gauge, is needed. 

The gases to be burned are kept in gas-holth'm over wntiT 
saturated with gas, or over salt water, according to circum¬ 
stances, and are saturated with aqui'ous vnjKir when they c-ntcr 
the bomb. From the calorific capacity of the diffi'nuit. parts is 
obtained that of the whole, the glass and enamel k'ing omitted. 


Soft steel.3946 pxams. 3946X0.1097 =»432,76 

Brass. 646 “ 546 X0.0f>3 » 60.(iH 

Mercury, platinum, 

and lead. 72 “ 72 X 0.03 * 2,10 


Sum.486. tK) grams. 

The coefficient 0.1097 is the one adopted by the Collegt* of 
France, from Berthelot and Vicllc’s experimmits, for a sti-el of 
similar quality. We have given almve, (pag^^ 12) the ealcmlatioiiH 
relative to the valuation in water. By a direct methiMl of mixing 
water of different temperatures Mahler found the equivalent to 
be 470 and 484, and assumed the mean 481. 

By the method of burning a body of known composit ion and 
heat of combustion he obtained with naphthalin 9688 calorics 
—within V 2000 of that given by Berthelot (9092). 
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The (^qiiivakuit. in wuii(n' may also be obtained by burning 1 
grain of. known (^imposition and lu^at of (combustion—naphthalin 
for instaiuce.* W(c may also, after Bertluclot, burn a substance 
of riX(C(l composition at two t.rials with diffccrent weights of water 
in th(c calorim(ct,('r. Two (HpiationB are thus formed, from which 
th(c h(‘a,t of combustion of tlu^ body used is ediminated, and the 
h(cat sought olitained. 

In using naphthalin (care must b(c taken to wedgh it only after 
being gcmtly fused in the capsule. It. is so light tliat if not agglom- 
eratcal some would Ihc blown away l>y the oxygen. In pnuctice 
tluc U'Hts are mad(‘ rapidly. The water cHpiivalent om^e deter¬ 
mined may be verifKHl by (combustion of caim-sugar {CvilliiOn)^ 
for whicdi B(*rth(dot and Vielle found 3i)()L7 ealoricis. (Use 2 
grams for a combustion.) 

Examples of Calculations 

Mahlca' givers B('V(a'al tyiK's of cakculations from his notes, 
to show tiue diilerent circcumstamceB which may occur. 

Exaniinatkm of Colza (HI 
Elemcmtary analysiH showtHl— 

Per Cent. 


('arbon. .. 77.182 

Hydrogen. .. 11.711 

Oxygem and nitrogim.. 11.107 


100.000 

Wiaght taken, I gram. Calorinuder contaiiHal 22(X) grams 
Wiit4*r, lC(|uivakmi in water of bomli, (d(\, 481 grams. Pressure 
of oxygem, 25 atmosphi'n^s. 

The apparatus prc^panal an above was allowed to n^st a few 
minuf<*H to gain c‘C|iitlibriuni of tem|HTOture. The temperatures 
were then noted as Im4iiw: 


0 minuf(c 


2 minuteH 


PlllLIMINAllV PEEiea 


io.2:r 

10.23 

10.24 


3 minutes. 


5 " 


10.24^ 

10.25 

10.25 


prficlifiil aietlMHl hw tliii aclvaatiii^^ of iitiiciitatieally eliiaiaating 
cif error. 
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Eate of variation, 


ao=" 


10.25-10.23 


=0.004°. 


The electrodes are conncctcKl and th(^ cotnbuRf ion Ix'gins. 


Combustion Phuiod 


5§ minutes. 10.80° 

6 “ . 12.90 


7minu((>.s. 13.79° 

8 “ 13.84 nm.xinaun.* 


9 minutes 


10 

11 


il 

It 


PiCBlOD AfTlSR Ma.XIMUM 


13.82° 

13.81 

13.80 


12 ininult's 


Eate of variation after maximum is 


a« 


13.84-13.78 


0 . 012 °. 


13.79" 

13.78 


The thermometer observatiotm are now stopiK'd. 

The gross variation in UanpcTature was 

13.84-10.25 = 3.59°. 

The corrections arc as follows: 

The system lost during the miimtes (7, 8) and (0, 7) a (piun- 
tity of heat corresponding to 2n,. 


2a,=0.012 X 2 = 0.024°. 

In the half-minute (5.}, 6) it lost 

VaCfli-0.005) *0.0035°. 

But during the half-mimite (5, 5^) it gained 

V2<io*^~-0.(K)2°. 

*Prof. Jacobus recommendH plotting the temfieratumi and using, not 
the maximum, but the one at the instant the eumi of MKiling ImHmum ii 

straight hne. The difference is slight, but imix.rtant in 
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Consequently, the loss for the minutes (5, 6) is 
(),()()35-0.002 = 0.0015^. 

Thus tiiat the systicau had lost, before reaching the maximum 
tcanperature, 

0.024+0.0015 = 0.0255, 

whi(*h must lu', added to tlie 3.59 dc'g. already found, making the 
variation in t(nnp(niiture 3.015 deg., neglecting the 4th decimal. 
The (juantity of lu^it observed, then, is 


Q- (2200+481)3.015-2081 X3.0I5 = 9.0918 calorics. 


From this numlHa* must bc'. subt-racUHl— 

1. The* h(*at of formation of thc^ 0.13 gram 

of HNOa. ....................... . 0.13 XO.23 = 0.0299 

2. The*. hc*at. of (‘omlaistion of 0.025 gram 

of iron wire*. ...................... 0.025X1.0 =0.04 


Total Htibtruction 


0.0699 


Tlu* final result is, then, 


9.0918 - 0.0099 - 9.0219 calories, 


equivalent to 9,021,9 calorii‘H iK*r kilogram or 17,319,4 B.T.U. per 
pound. 


TEOlINlOaL EXAMINATION OF COAL 
41t<* coal takt*n was a sample of Nixtads ccml from Houth Wales. 


FrHiitiitmry IVrImi, 


C'iifiilnwiltw 


Afti'r 


Cl \ I Id 

1 Id 

2 H Id 

I tl.ld 


m *0 


Mdiiilrii. lirgrrrsO. 
I| dC) 

4 tl 

$ m li 

^ IS 14 

iimultiiwiii 


7 lB/%2 

a ta Id 

<1 la Id 

Id la.id 

It la 26 


i«ygrn 11 namin’ 25 


ia.l4 =^.18.26 

Ill . ■ ^ .. - - 0 . 016 ® 
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Difference of gross tenapcraturc. 3.140° 

Correction (4, 5) (5, 6) 0.01 (iX2. 0.032 

Correction (4, 3-|). 0. (Klf) 

Correction (3, 3|). 0. (KK) 


Corrected difference of tcini)cral,iire. 3.177“ 


or 3.18°. 


Heat disengaged.. 

.3.18°. 

3.18 X2.(>Hl- 8.5250 

Iron wire. 

. 0.025. 

0.025X1.0 0.04 

Nitric acid. 

.0.15. 

0.15 X 0.23 0.0345 


For one gram 

- 0,0745 

. 8.4511 


or 8451.1 for 1 kilograrn, equivalent to 15,212 Il.T.lF, i«'r pound. 


EXAMINATION OF A OAH 

Illuminating gas was examiiuid uiuIit tlus following eon 
ditions:* 


Barometric pressure. 701 mm. (20.0 in.). 

Tension of aqueous vapor. K mm. (0.314 in.) 

Temperature of laboratory. 1K. 5 “ ((05, a " I'.). 

Volume of bomb.'. 054t ee. (3(M.) eu.in.) 


Volume of bomb dry at 0° and 7(K) mm. 


000 cc. (37cu.in.) 

capsule'was left in its usual placi' in llm bomb to prevent 
speefcs of iron oxide from dropping on the enamt‘1 and injuring it. 

-w 


Prjlijminary 

Period. 


Combuilioiu 


After 




Minutes Deg. C. 
0 16 .ao 

t 16.80 

2 18.60 

3 18.60 

4 18.80 


Minutes Deg. C. 
4| 10.50 

5 20.00 

6 20,08 

7 20.81 

mMitmm 


Mlnutw Dri.i*. 
8 10 01 

0 20 0# 

10 20 08 

i 1 20 m% 

12 10 01 


do *^0.00 


, 20.08-20.05 

-0 000 


Primiiifp tif 
5 ilifiiwfilirr*** 

(if mm 

Nifefir miti 0 M 

tfiifi wifii 0 


* See Kroeker's cftlorimt'ler tm j>ng«< f,7. 
t Exactly 653.9 euWo mitiauVerji. 
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OroHS of tornporaturc, A. .. .. 1.28® 

(U)rroction an umial, a . 0.015 


DilTonuiro, A 4 «. 1 . 295® 

Calories. Calories, 

Quantity of heat ob.Morved, 1.295® .. . 1.295 X 2.681 3.47189 

Heat of IINOs fonuatiou.. . ..0.06 X0.23 0.0138 

Heat of iron wire eotuhuHtlon...... .0.025 X I .6 =30.04 

" __ 0.0538 


Ileal of c'omlniHtion of 606 ee. at 0® and 760 inin.. 3.41809 

or per cubic meter at 760 mm., 5640, or 633.6. B.T.U. per cubic foot. 


COMBUHTION llHINC AN AUXILIARY BUHHTANCE 


HoDtR^tinu'H an uiicohhuruhI rcnidue in left while determining 


the h(*at of eombuHtion of Home diflieull 
diamond or graphites for iiiHlanech In 
auxiliary in uHcal to olitain eompk^te hurni 
inoHt eonvcaiicmt to ime in naphthalin (('| 
huHtion of which in (exactly known, 9()92 
d'ake iM^t.roleum coke, whi(»h Is nearl| 
m mixed with a little nnplit.halin whicli lu| 
at a low heat and tlum <‘ool(‘d. After (| 
naplithalin in taktm. 

Thi‘ cokc^ analyTsed m fcdlowB: 


('arhon. . . 
Hydrogtm. 

C )xyg(m. . . 
Nitrogen, , 
AhIl ..... ^ 


burning aubHtancc^B, 
combustible 
of t p^ mplcb The 
Is), t^^ieat of com- 

‘alli(Hl ^&raT)hitc^ It 
;be(m |iK&ously 

tM*a vei^t c^he • 

i 

,» £3». 


J’orOnt. 

^ ‘iF'. 

^ OJSK); 
^ 0^)0! 


Tim (lata olitained an> an follawa; 


.1 


Pfi'lliiilfiiiry 

Crriiid 




Mill, 

0 

I 

s 


lit« 


tir-if, i\ 

M tn 

22 05 
21 04 


- 0.001 


Cniiibuiilluii. 


After 

! 


! 

1 rttliiblinllwi. 1 

1 Milt, 

Ocif. Ck i 

Mill. 

Itt-K. ('. 

1 SH 

22 

60 

10 

B II 

6 

24 

m 

14 

2S.05 

f 7 

2% 

02 



1 ® 

1% 

11 



9 

il 

14 



iitailiftum 

01 

-0.015 


^ ^mark«. 


(Oaiiiii. 

N&phlh&llii......... 0 034 

Iron wire . 0 025 

Nitric will.......... O 080 

W’ater of r&lortfiiifter. 2200 
KouW&lwit IM water.. 481. 
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Difference of temperature. 

Correction for minutes (9, 8), (8, 7), (7, 6). . 

Correction for minute (5M, 6). 

Correction for H minute (5, 5M). 


25.14 -22.04: 
0.015X3 


Corrected temperature difference. 


Total heat developed 3.15°. 3.15X2.681 = 

From this subtract 

Heat due to naphthalin. 0.034 X 9692 =0.3295 

Heat due to iron wire. 0.025 X 1 .6 =0.04 

Heat due to HNOs. 0.08 X 0.23 =0.0184 


Heat developed by the combustion of the coke. 8.0572 

or 8057.2 per kilogram, or 14,503 B.T.U. per pound. 

When the combustible tested contains hydrogen, it must be 
remembered that, while the gas in the bomb is dry at the begin¬ 
ning, it is saturated at the close of the experiment. In reality, 
the latent heat of vaporization of the small quantity of water 
necessary to be added is inconsiderable. The mean of several 
tests was 5 in 8500 calories observed, or only V1700. Still, when 
we test gases, which cause less marked difference in temperature 
than solids or hquids, we must to be exact, allow for this heat of 
vaporization. 

It may be asked if any allowance will be made for the heat 
of the electric current at the moment of kindling. The heat 
developed by a current with intensity I and electromotive force 
E is 

^ 4.17’ 


t being reckoned in seconds. If t was appreciable, this should 
be considered at least in exact determinations. But, actually, 
t is very small; the contact is hardly established before the iron 
is burned and the contact broken.* 

Mahler cites two successive tests made on the same coal with 
his bomb and with the bomb of the College of France, as fur¬ 
nishing proof of the accuracy of his method. 

*In exact researches this heat can be easily determined if wished. It 
will be sufficient to measure the electromotive force in volts. Then put 
an ammeter in the line which connects the bomb and kindle the combustible 
as usual. The displacement of the needle shows the intensity of the current 
under the conditions of the test, and also the time during which the circuit 
El 

was closed. The formula t will give the quantity of heat sought. 












CALOHIMK'l’HK' ('AIA'I J.ATION.S 


Tli(? rc'sults wen' ohtuiiu.'d: 

SclH'.uror-Keatner 
at thc‘ 

of Franco. 

(k)al (punO from Bascoup, B(‘lj»:iuin.. .. cS828 

Tlu' calcuIationH may lu' nault'rtHl simpka* aad tho obBorvalion 
mora rapid, still Ihuiii^ (‘xact (aiouR’h for industrial us(\s. 

Taku tha (‘ciuation 

Qo (Ad^r0(/^^f/^0-^(().23pd . . . . (1) 

arranpug the Bamis in ordcu* of tlu^ (‘orrc'clions 

Qu d a(/'+ P'} - (0.28/>d^ Id)//). ... (2) 

It is (‘lear that tht^ (‘alnilatioii o£ tla^ (•aIorim(‘tri(‘ operation 
reduec‘H to tlu^ dt'termination of a maximum and to one multi¬ 
plication if we liave 

a(P+l*') -i),2:^pi l.h//.(3) 

Now from the tc^sts mudt‘ w(‘ rt'adily sch‘ that whntc^ver value 
a may takt‘, it incn‘ast‘H with the* (plantity of lu^ai gcauTatcxl in 
the bomb; it is a Hltlt^ gn^atcu* wlien thc‘ (^xttumal air is wanner 
tfian wlum it is cooku* a fact which may 1 h^ attrilaitcnl to the 
influence of (*vnporation on th(‘ c*ooling of tla^ bath.* 

On ilu" otluu* hand, tla* nitric acid ap|K*arH to iiHU’ease with 
the (fuantity of lieiii g(*n(*rated, ami tmids to ofTsc^t tla* eornadion 
from m In short, // is, wiiliin ctaiain limiiH, at the* control of 
thc» obHfU’ver, sanu* as P\ We conHid(*r it them pcjssiblc* to arrange 
mice for all ho uh to liav<‘ tlu* (‘xprewion (3) Huffickmtly close for 
induHtrial purpose's. 

I'hiH can bt' doin' witli Maldc'cs apparatus. Hiuh for oil of 
colm the multiplication At/^+/*') gave' IH/ifi e'alorie's, whkdi is 
within Maocm nf the' final mimla'r obtaint'd aftem all e'orre'dioim; 
with the Nixon’s coal we' found that /^O-"'H41H calorie's, 

*Thii rapidity of ccKilkiK in the caipitiycd liy Midder wiia, 

tiiceirdiiig to exp'riiat'tifs, lad ween Ifi® and 5M)® C, 

iU 

Tu laiiag flic teaniM'riiturc at mdihdi cooling 


Mahler. 

8813 
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which differed 'l-zm eorrcct, immluT; with coal gjiH the 

product 2681X1.28 = ;m;I 2 calorics, whik' the correct (-<1 irsult wuh 
3418, or ‘/240 diffcreiKic. 

ATWATICE’h (’ALOItIM ETKE 

Prof. Atwater has conwikTuhly modificHl the hoinl), ho that 
it sccnis to have Honu^ aclvantaiijc'H for ean^ woikiiif^. 22 

givt'H a HtH'tionai view of it in I hr (*ulor- 
imet('r. The ummI tin* mtnv m 

iliat ximnl in the HotehkinH anti 

having an unuauully high ttiiaeity, atHaiiH 
admirahly fitted for tlu' fmrpoae. A rvp- 
reaeiitH tlu* lioinh^ (’ tin* .Herew-iaip /I, 
tlu^ eovtT, wlii(‘h in plnetal ini tlie ImiiiiIi 
cylindt'r and litTl tlown hy the nerew- 
cap. The eovta* in |irii\itled mith a 

!ieek into whieli fitn a eyliinlriral arrow 
holding another ?'4rrr\\ E, tin ihe i^idt* 
of the n<H*k in an fi|«aiiire (t\ hetwetai 
tlie km’t'r taid t»f ainl the HhouldiT, 
In /) inn wiiahta* of leiitl, on mliieli the 
lower k*dgf‘ of E fitn. Ily ofiriiiiig or 
doaing Iht* mamv F the lijirrow 
from 2 ia o|M*iie<i or rl<i,‘4inl. I1ir 
itig in iiHed for iniiiiitlifig o\\’giii iit n 
higli prt*mii*i‘ throiigh n narrow pnmnno 
to efmrgi* tla* hotttlr lit /I iifi afierttin* 
throiigli ivhieti tlw* |iliifiiitiiii mire 

H, which k Mpiriitecl frcati the ittelnl of the oner hy 
ing material Hard vulcanised riihluT m*rvm very well for tlti?i 
purpose. Fastened to the lower Hide nf fhe mver m iiiiiitlier 
platinum rexh /, ladwcam wliieli iiiicl H tin t*lf*iiiieiil enfiitertiiiii m 
made with a vary fine iron winv A wiinv-rtiig hokk the 
platinum capule, in which the to In* tniriiril m filitrial. 

At KK are balHMmriiiga of hard pti*cl to avoid fririinii in Mcmviiig 
the cap downd^ 

^^Tho large cylinder« N tiinl () iirt* iiiinle of iiKliirnteil filler, 
and covered with pliitc*M of viilciiiiiscii riililicr. A nfirrrr 



Fig. 22 .—Atwater Boaih. 
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for (Kiualiixing the temperature of the different portions of water 
after the eombustion is completed/^ * 

Th(^ th(a*mom(it(a' used was made by Fuest of Berlin, gradu- 
atcul to Vioe degree, and can be read with a magnifying-glass 
to Vkhk) degr(H\ 

Th(‘. apparatus has betai us(h1 with success in making the 
very nunua-ous debaaninations mad(^ by Atwater on the heats 
of (‘.ombustiem of food-products and oilier allied organic sub- 
stancc^s. 

KItOEK:ER^S CALORIMETER 

Kro(^ker has rcccmtly modificHl the Ixanl), making two inlet 
chamu^ls instrcad of oiu^ By this nuains has a current of 
oxygen gas paasing in at oiu^ opening and 
wastes gasc^B pasaing out at t.lu^ ot.lua*. It 
can thus bcj used for tlu^ sauK' pur|K)se that 
a Junk(‘r (calorimeter is uschI, and it is c*laim('.d 
witli just as satisfactory r(\suItH. 

/rh(c c.ylind(T (Fig. 23) is borcnl out of a 
piectc^ of Martin stec^l, and law a (F)H(^ly 
fitting Hcnnv-plug for a (‘ov(t, the depth of 
tlie sennv joint bcang 2»5 mm. Tlie walls 
of thcc cylindtT arcc 10 mm. thick; (external 
diamcd.c*r, 72 mm.; internal (Iiamet4a% 52 
mnu; Iwight, 120 mm.; (contents, 200 (cc. 

It has fonr small on tlie umbr side, 
whieh support it and k(c(^p it» cmtirt'ly sur- 
roimdcul by the wat4T of tluc bath. Tluc 
(miim Hurfatccc is enamcdcal, or pref(u*al)ly 
platinkecl The fiad, in thec form of corn- 
prcmal eylindem wenghing once gram, is put 2:i“-^^'Kr<M^kcr 

into Urn carricer, ignitced as usual, and thee Ckloriiii€it4*r. 
combustion games (aillcHded and examinetl 

KrocekcT hiul a method of lamting tlie ealorirnetiT bomb in 
an oil-bath so m t,o ex|HeI all the water of (‘omlnistion and hydratiom 
He thus ohtainced data for eorrecetions dui! to the usual method of 
determining ilm water, i.e., considering the water as condensed. 

♦Prof. W» 0. Atwater, in Bulletin No. 21, II. 8. Dept, of Agriculture, 
1805, psgoi 124 and 126. 
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KEMPKL^S (JALOHIIVIKTKH 

HempcPs caloriineipr in uhchI (o a caaiHidcTiil^le c‘Xtc‘iit in (Jtn- 
many and introduces some new f(*a(ur(‘H. 

It consists (Fig. 24) of an iron IuIh* inio which a iHilltan uhoui 
15 mm. thick and a top about 30 nun. tluck an^ scrtnvtal and 
fastened with hard solder. Thc! elunnlxa* capaeily is 250 ce. atal 
it will resist a presainx^ of 25 ainioHphtaxxs. If is l^y a la*ad- 

piece (Fig. 25). This ha.s a. Mix'w-valvc* a, an insulahal \virt‘ d, 
and a perforated cup e supporitHl by the platimnn wires f t\ Tin* 



Fit}. 24. Fita 2a 

Ilcm|K4 Oiikahiieter. 


depression q contains incuxairy and si^rvc^ for bntfery eiiiitiiet, 
The wire d has a conidtl tailargemenf n ami is wedged into 
the opening in the lu'ad-picHx*. A lead wiislier i siirrotiiids t|«» 
valve-rod a. 

The coal is crushed to powdta* mul ttteit fiirintaf ifitn siiiidl 
cyUnders by means of a screnv-prt^ss. Utis m put in the nip nm! 
ignited by the wires//. Tlu^ oxygen is supplied iiiitler it pressiirt^ 

usually about 15 atmospliert^a. 

The apparatus can \m made rtmdy in an hour, tind flic* test 
generally lasts fifteen minutes. 



WAI/rinOIMIKMPrOL calortmetrio bomb 
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WAI/riIKR-JI KMPKL IK)MB 

The Wa.ltlicr“II<‘nip(‘l bomb is a small cylinder of 33 cc. capac¬ 
ity (1%. 21)), bonal out of \vhit(‘ cast iron and ona-mel(Ml inside. 
Tlie walls an^ 2 mm. thick, and it is strong 
enough t.o resist. t‘ight tinuss the pnvssure gen¬ 
erally useal. d1i(‘ (‘ovea* is fasteauHl on by nuains 
of a Hcn‘w-(!lamp, and through it passers llu^ 
slanting opcaiing u, having tlu^ (‘IcaMrie* wire- 
carrieT insulattHl by a rublu'r sluaith. d'o the 
win' at tiu' emtl of this slu'ath is attaclual a 
platinum win' for kindling the' (‘ombustibh'. On 
ttu' opposite' side' e)f the' t*e)V('r is the oxyge'U 
tube' d. The' platinum wire' c is attacheel to 
tlie unek'r siele' of tlu' e*ovt'i% anel suppe)rtH 
the eombustibkM‘arri(‘r and its little' firem'lay 
cylindc'r c. 

The', fuel is made itdo small e'ylindc'rs by 
comprt'HHiein, put into tlie^ fire'-clay c'ylinelc'r, anel 
igniteal by tlu' t'le'ctric spark. The' pn)due‘tH 
of (‘ombustion arc' e’ollc'e’te'd and we'iglu'd or 
me'asurt'd: the watc'r partly in the' bomb and 
partly by na'ans of a. e*ule‘ium t'hloridc* ttilx'; 
the' nitric! and sulphuric' ac’iels arc' dc'iermined Fio.‘ iel-Walthi'r- 
by titmtion with Vmo normal alkali, and aftc'i- HrmiM'l 
wards sc'parutc'cl if dc't'me'd nt'CTHHary. This 
laanh is cdiiimf'd to Ih' e*apal)lc' of xm* \hv same' as a large one'. 
A full dc'sc'ription of it. is givc'U in ilie lierlintr Herichi for 
January, 1897. 

WIT7/S C'AnoUIMETKli 

Aim6 Wit7 litiH modified flic ealorimc'trie' bomb so m to |M'r- 
miti its uat! for gasim The enidiomc'tric c'alorimetc'r, as he* c*alk 
it (Fig. 27), c'otMHlH of a stn'l cylindc'r /I, 3.54 in. high, 2.34 in. 
inside* diametor^ and O.OH tm tliiek, eontiiiniiig 15.5500.in. It has 
two c'overH, (f, (J\ fastened to the cylinder, hermeticiilly sc'iding 
it by means of an oilt'd pniM'r giiskt't. The iipfii'r one eitrrics 
the «park-r*»*iter c. The* lower cover fins a valve* /}, op'uiiig 
into a, i'hiimlH'r iiknit 1 in. cliiiiiieier. By ineaiw of the internal 
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curved surfiicc of this cover the cylinder ciiii l)c* eoniplet.ely cniptiecl 
of gas and filled with mercury. 

To use the bomb it is filknl with mercury and the mixture 
of air and combustil»lt‘ gns inlroduc(‘d by 
means of a conical glaas gas-huldcu*. Tla* gas 
escaping froiti this force's out its bulk of 
mercury, and aftiT tlu‘ prop(‘r rt‘ndings it in 
placed in a calorinuder vesstd containing 
about a liter of watc^r aial tin' gas (‘xphaletL 
Professor Witz has obtaincal wry gocnl 
results with this apparatus and has ustnl it 
in many hundred didca’ininatioiiH. 


ICE»»CAL0RIMETE1S 

Considerable intcTt\st is attnc*hed the 
ice-calorinu*ter. It was tlie first kind UHed, 
and although its use in heat deteriiiinatioiiH 
has b(Mm displacanl hy thc» more recent forms, 
yet there seems to be a tendtuicy on thc^ part of mnw physieistn 
to return to it. 

Its determinations an^ bamai on tla* dilTerfaice of volume 
between ice and ictvwatcr. Ont^ gram of iw hm ii volume of 
1.09082 cc. (Bunsen)^ while I gram cif water at tht* siiiiii* tem¬ 
perature has a volume of L(KM)12 cc. By the iiwdtiiig of ice 
using •79.4 gram-calories, a rcaluctitai of Cl.llllt)7 cc. in volume 
occurs. Hence 1 ealork^ is caiuivalent to ii reduction of re. 

The first use of thc^ iccMidorinadcr was hy \hlke, a Bwedtiih 
physicist. Following him came Liivoimer iiiitl l*ii PIiu*i% who, iit 
the end of the 18th eemtury, carried on tlicir f*lfWHir resnircltcH 
on heat. Hermann, in 18^14, improved their iippariitim, tiiid l»it«*d 
his determinations on the cliange in volume of the ice mid wider 
instead of on the weight of the melted ice. 

HBEMANN's (mLOIlIMETll 

Hennann^s apparatus (Fig. 28) c*oii«isfed of a gliw cylinder 
A, having a brass screw at the top. <hi this iviin fititeiird ii tirtt»i 
cover, sealing at hermetically. ilii« cover curried ii tliiii hriuw 



Fig. 27 .—Witz’s 
Calorimeter. 
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running; into i,hc cylinder. A graduated glass tube C 
.1 into the cylinder, thc^ divisions being calilu'ated. By 
Aio. plunger in tube D the water-level 


IjushHl at the coinnuniceinent of the 
^ whol(^ apparaiais is (‘nelosed in a 
box to pn^vt^nt radiation. 
us(h 1, th(‘ eylind(*rH A and B con- 
,nd water; A’, containing the th(‘r- 
iH filUnl with the substance to be 
'lu'. prop(‘r h'lnpiU'at.un^ is given E, 
pii(‘kly put into place and allowed to 
•o. 

‘ ac'tion of tlu' hc^at of E part of the 
etl, thcax'by clianging tlu^ volume of 
its of A and the level of the water 

itKUH(?nnr/H c’alohimktke 



A devkal a calorina^tcT in 1847 to 
work on spcHntic lieat. It dejHUukHl 


Fm. 28.—“Horamnn 
Ic*c ('idoriinctor. 


xpansitm of th(» mixture of ice and water. 



bunhkn'h c^alohimetke 

Iimisen*H cidorimet(*r improved those of 
liis pr<Hte<H*HHor8. A glass tubc% a (Fig, 29), 
is ftiHtnl into a cylindrical Inill), 6, to winch 
is nttaclaai an open bent tuln*, c. At tlie 
up{K*r caid of tliis IuIh^ is altachtnl a rim top c^f 
iroipd. "riu* iimertube from a to ^jl and the 
(MUitainiiig bulb from li to X tirv lilk»d with 
air-free water. The lower part of flie iippa- 
raftis is filled to the iron rim with mercury 
ecMitiiining no air. The water in tiling a ii 
frozen and the whole apparattm placaal in a 
box of snow. A griidiaited glfw« tute « is 
puma! through a eork into f. 

To this calorimeter, the sulmianca to 


m licmted and dropiMal into a, the opm end being 


ly cl«eil. The change in volume is transmitted and 
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measured by the mercury. The i,ubc a wcighn 40 to 50 graiiiH, 
and about 0.35 gram melts!, causing (he menairy to movc^ some 
400 divisions. 

SCHULLA AND WAUTHA (^ALOKIMKTEli 

This was descri!)ed in 1S77 in Wt'idcnnann s Annalvn, llK^y 
placed the calorimeter (Fig. 30) in a nn^tal v(‘ss(‘l J, c*oiitaiiiing 

(listillcal waica* and liaving 
from 2 to 3 (*m. of i(*e on tla^ 
Hid(‘s and hoKorn, On putting 
the (*nIoriitu‘ter into (Iuh vcw<* 1 
thi' 8urra(a‘ tlic^ wafer was 
c‘ovc*red witli iee spimileH 
which Hocm iiaRed in the* 
<lis(illc*d wafer. Hu* whc3(» 
was luaantUically seaha! witli 
a nit‘(al cover having two 
opcaungs for the c*nlorinit4e|v 
itilx* and the tii!*e Itvnling tci 
tlu‘ ineaHuringaipparafUH. It 

Fio. 30.-SchulIa and Wartha let' in « w<Ki.ifii 

Calorimater. Ikix. so dial it «as MUToimdial 

liy a ihii-k layrr of ii>f, 'i'hoy 
weighed the mercury iiiwlead of mca'.tiriiig it. Itt (leti-rmirtiug 
the heat of comhuHtioii of hytlrog<'n they u.siai purifiiai electro¬ 
lytic gas and burned it in a siHa-ial bunan-. 'I’iie results were 
very satisfactory. 

VOM TUA.V’h CAt.OtU.VtKTIIU 

Von Than made an improvement bn.sed on the fuel that the 
melting-point of iet* deerea.s<-H titider pre.ssuif. 'I’ln- point deter¬ 
mined when the iee is under pressure frotn a eoluioti of merniry 
is too low, and a ('orm-don nmsi Ite made. 

His apparatuH (Fig. ai) wjus li».(i7 in. biKh, The inner ves.sel, 

0, had a capacity of 1.1.42 eu.iii., and wa.s closed with a caotitchoue- 
lined brass ring. This wan fastened to another vess.! called the 
"thermostat/' which was simply a Bun.sen caloiimeicr idl,.,! widi 
a 2 per cent solution of common salt. This uii.s ci.ninmed in a 
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woocloii hox iilk'd with i(50, having a atop-coek at the bottom to 
draw off the ineltc'd wah'r. By this means the apparatus was 
always nuidy for u.s('. 

With this calorimeter tlu' prc'ssure (am he changed so that 
only nu'lting due to actual head, is jtoasihh'. In order to do this 
ihci sid(' lube of the “ thermostat. ” is connected by a rubber tube 



Fhs. :tl.— \'oii 't’lmn’H he riiloriinctcr. 


to a vcHHcl, /, which (‘an !«■ raised or lowered and the pressure 
measiu-ed. 

In determining the heat of e(tml(ustion of hydrogen v'on Than 
worked under constant volume. IHs burner was made of a ghisa 
tulic and nearly filled the inner ehanilHT, a. 'I'he products of com¬ 
bustion pass(*d out through phosphoric anhydride. By weighing 
this lit' (ietermined the (lUuntity of water generated. His results 
were dsO.O-l jK>r cent of the cornet amount. 

lUKTKUUU's CAUHUMKTKR 

Dietcriei’s calorimet er (Fig, 32) is <nuf e large. The inner veisjel 
is nearly H in. long. The tube, .S', through which the mercury 
flows has a ground joint with a merctiry seal. K is a W(K)den 
box in tw<» parts, filled with ice, containing a jaircelain vessel, P, 
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filled with distilled water, which is frozen on fh(^ walls. In 
is placed the calorimeter, suspended on a fulcrum by nunins o 
tube S. 



Fig. 32,—Diotorici^B Ico Calt)riinfti»r. 


Dieterici preferred a glans or porcn^Iaio vcm*! to a oudal 
as undergoing no change from oxidation. 




CHAPTER VI 


SOLID FUELS 
COAL 

Among the first careful tesi-s ever tuadc, to determine the heat 
value of difTeretit kinds of coal, w(*r(^ those made in l&iS and 1844 
by Prof. W. R. Johnson for the U, vS. Navy. lie analyssed and 
tested all the kinds obtaiiuul from the United States and England, 
whi(Ji were theti in us(^ by th(^ navy. At tlu* time,^ they were made 
the (idorimcdric dt^.cTminations were iu)t eonsiden^d as of the 
importatua^ they an^ now, atul liis tests w(‘re limited to determining 
th(^ (waporative pow(a’ of the' c'oals. Willia-m Kc'ut reviewed them 
in the Engineeriiuj and Mining Journal^ 1892, showing that up 
to the timt^ of tlu' expt'rinu'nts mdhing comparable with them 
had Iw'cm atlemptc'd, and that in many respects they compare 
favorably with work done to-day. 

In 1857 Morin and ''Prc'sc'a made numerems determinations of 
th(' (*alorifi(^ pcnv('r of coal and wood, and in 1853 they published 
a work cm “ FucJh and thc'ir Calorific* Power/^ in whmh they make 
many rcH’ommendations for more acnnirate work. They wrote: 
“ It would Im C'xtremcJy important if ('X{K‘riments with the eal- 
orimcdc^r (30uld Ih^ made' on most of the* fueJs, by methods similar 
to thoHi! uhchI by Favrc' and HillKTmann.*^ 

In 1868 HUcJi ex|K'rimcmts wt*re mack by Sedamrer-Kestneri 
and continucHl by lum later with the aid of Meunicr-Dollfus. 
They based their ealeiilaticms on pure* coal, i.c., with moisture 
and ash deductcHl. This mChod, which has }mm followed by 
many oilicTH, sedans wty logical, as it facdlitatc's comparison of 
different fuels by naiueing tluan to the sanu^ basis. Enormous 
errors duc^ to c'omparison of valuer not eomimrahle are thus 
obviatcHl Ccad having 5 pyt ciud impurity has Imni compared 
with eoal leaving only I law (tent, no account henng made for the 
diffenmc*(% and of course very erroneous and misleading deduc¬ 
tions obtaincal. 


m 
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It is a simple task for the ciif^iiu'er or l.lui workinan oven, to 
determine approximately the proportions of moisture and ash as 
given on the grate. Knowing th('s(i proportions and the heat of 
combustion of the pure coal, they can ixauler a statcunent of th(' 
practical working. If, on the contrary, the ('xp('riin(‘nter is 
limited in such a way that he neglects tlu^ composition of the coal, 
it is impossible to make a conjecture as to its intrinsic or com¬ 
parative value; still less can he judge of it, as a st('ain geiu'rator. 

In 1879 Bunte made some oxjxTinK'nts at hlunich, using a 
special apparatus devised by him for the occasion, which was part 
calorimeter and part boiler. Th(( tests wc're published in Dingler’s 
Polytechnisches Journal. Home of the? results are inchuled in tlu* 
tables of this book. 

The manner in which a coal acts tinder heat in a closed vessel 
is a most important indication, taken in connection with its 
elementary composition. (Jruni'r gavi^ his opinion that th(‘ real 
value of a coat could be determined hetli'r from its proximate 
than from the ultimate composition. Speaking of (he Ixiire coal, 
he says: 

“The proximate analysis, which consists in distilling coal in 
a retort and incinerating the residue, allows din'ct. valuation of 
the agglomerating power as well as the nature and proportion of 
the ash.” 

Gruner * formed the table on pag<' fl7, based on the quantity 
and nature of the coke furnislu'd and the calorific powi*r. 

Heating Value of American Coals. 'I'he tables of lieating 
values of American coals which follow are taken from Bulletin 
No. 22 of the United States Bureau of Mines hi which is given over 
3000 analyses and results of calorimetric detenninution.s. Tlie 
tables as presented were compiled from those m (he Bullet in by 
William Kent, and published in a pniK*r at tin' .fune, Btb}, m<*e(iiig 
of the American Society of Mechanical Jhigineers, and in fh*‘ 
second edition of his “Steam Boiler Mconomy,” from which they 
are here reprinted by pcinnission. 

For these tables Mr. Kent has seli'cted l.W amdys<*s of coals 
from different states, showing practically (he extnane range of 
composition of heating value of the coals of each of thew* states, 
whenever a sufReiont numbf'r of coals of such states are givi'n in 
•Annnlcadcs Mines, 187K. Vtil. tV. 
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CIaHH(‘H or Typ(‘H 
of C-oiil 
Proix'rly 
HO C'alUxL 


Pt^r 
('-(‘.lit 
(U)k(‘, to 
Purt^ 
Coal. 


P<^r 

C(‘nt 

of 

VoUitiUi 

Matter 

in 

Pur(^ 

('oal. 


Natiirt* and 
Aprx'araiH'o 
of (’ok(‘-. 


Calorific 

Pow(‘.r, 

Actual. 

(-aloru‘H. 


Industrial 
Calorific Power. 
Water at 0. 
Vaporized at 
112® C. p(ir Kilo 
of Pure Coal 
BurrKxl, 
in Kilofj:rarns. 


1. Dry coals 

with long 
lUinu^ 

2. Fat c. o a 1 h 

with long 
flanu' (gas 

3 . Fat coalH> 

tiropt^rly ho 
called 

(“b I a c k- 
fl m i t h 
coals), 

4. Fat coals 

with Hhort 
llatne (cok¬ 
ing coalH), 

5. Lean coalH 

or anthra 
cite, 


I*) to 66 


60 to 60 


6a to 74 


74 to 82 


82 to 60 


4^> to 40 


40 to 32 


12 to 16 


26 to 18 


I a to 10 


Powd(‘ry or’ 
slightly 
coked. 

('ompl(‘t(‘ly 
agglonier- 
at(‘d. oft(‘n-« 
(‘T caked, 
hut iiorouH. 

(kiktxl and 
more or Iohh 
pufTy. 


/ Cok(xl, \ 
I (toinpact. I 

f Bllghtly ] 
I cok(H!, I 
I often(*r | 
i powdery. J 


aooo to 8500 


8500 to aaoo 


aaoo to 9300 


9300 to 9600 


9200 to 9500 


6.7 to 7.5 


7.6 to 8.3 


a.4 to 9.2 


9.2 to 10 


9.0 to 9.5 


tliP hulli^tia. Thp. nuKst irupoHniit i((dnH of the ultiniate and 
proxima,t(5 analyBCH mnv tabulattnl, viz., thc^ S, H, C, 0, and N 
of tho ultiniat.c^ aualyniH m rt^td'nnl to thc^ coinbuHtililo (coal free 
of moiBiure and ash), also the volatiles mai-ier, the moisture and 
ilie ash of ilie proximate analysis, the moist-ure and ash being 
rc,iferred to the*, coal as rcHHaved, and the volatile matter l>cing re- 
fc^rred to the^ (HimlniHt.ihle. (Him Table L) Tlic fixed carbon 
refe^rred to (^omliustible* is UK) |K*r ecdit minus the volatile matter 
of the eomhustihle^ and rc^fcnrcHl to c‘oaI as receavexl it is 100 per 
cent minus the^ sum of moisture*, ash and volatile matter. The 
reaulta m given in the* hulle*tin we*n* ealeulate*el te> threat different 
basics: (1) as iwcaveel, (2) dry e»oal, (2) ash- and moisturcvfree 
((commonly ealle*d caimlmstiblc*); and in many eaHe*s to a fourth 
lamia, ash-, moistdirev and Hulphur-free, l‘\)r the pur|K)se of com¬ 
parison, howe^vc*r, ot!M*r infe^rmation was de*sireHl, such as the 
B.T.IJ. iH*r Ih. of coal air-elry, ash-freH*, and air-elry, ash- and sul- 
phur-freai not eontaint*d in thc^ bullc*tin. Theses omitted items 
were calculated and tabu!atc*d, hut. it should l>e stated that the 
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figures which were obtained relating to B.T.U. calculatc'd to iho 
sulphur-free basis, are probably too high in many ease's of high 
sulphur coals. 

Having thus tabulated the results, the' (pa'slions (o lx- solvc'd 
are (1) how shall the coals be elnssified; (2) wliaf n'lalion doe's 
the heating value of the coals boar to the cluanical composition. 

In studying the 155 coals, Mr. Kent first plottexl thc^ B.T.U. 
per lb. of combustible with the results whie'h are^ shown graph¬ 
ically in Fig. 34. This plotting shows that all the' e'e)als of the 
Appalachian field come close to the*, original eiurvci drawn by him 
in 1892 from Mahler’s tests of Furope'an e'ejals, whe'ii the' volatile* 
matter in the combustible is 35 pc'r c('nt or U'ss. Feir eetals higher 
in volatile matter, and for We'stern coals ge'iu'rally, the' he'jifing 
value varies over a wide range anel apjK'jirs te) have' ne» re'latiem 
to the volatile matter, but each distrie't has a law of its eiwn. Tho 
Illinois coals are all found within the' small are'a shown by dotted 
fines. Perhaps the most important ce)ne'lusie)n freim Fig. 34 is 
that all the semi-biturninous coals of thee Kaste'rn .state's, and thetse* 
from the Western states and Alaska with a vt'ry fe*w ('xe'e'ptiems, 
have a heating value per pounel of ('ombu,>etible' that is very cleise' 
to 15,750 B.T.U. With bituminous ceials anel lignite' e'e)ntaining 
over 36 per cent of volatile matter in the' ceimbustible't IieTe* apjK'ars 
to be no law connecting the healing value' with the' is're'e'ntage 
of volatile matter, and the plotting is not tiontimu'd iK-yond >14 
per cent. 

As many of the coals high in volatile. matt«‘r are also high in 
sulphur, it was attempted to find if high sulphur was the cau.'H' of 
some of the variation of the heating value*, but the re'sulis are nega¬ 
tive. When the heating value ikt peauiel of conjiustibli* is eim- 
verted for sulphur by tlu' usual inetheMi. by subtrai'ting 4050 
B.T.U. per lb. S, and dividing by 1 minus tjMT cent H : UK)} the 
value thus found is often far higher than the* heating value {ht 
pound of combuatiblo of coals of the same districts that are low in 
sulphur. I^wer values for I host* <'oals might !h* fuuml if they 
were converted by the " unit eonl ” met lust of Parr anti Whaler 
(Bulletin 37, 1909, of the Illiraas University Kngineering FxjK'ri- 
ment Station), viz.: 


Indieated dry B.T.U. ™5000H 





70 


CALORIFIC POWER OF FUELS 


Fig. 35 shows the result of plotting the heating value per 
pound of air-dry coal and ash- and sulphur-free, against the per¬ 
centage of moisture in such coal, for those cases in which the 
moisture does not exceed 11 per cent. The results indicate that 
this method may prove to be of considerable importance when it 
is applied separately to the coals of different states or districts, 
especially the bituminous coals of the Middle West. The high 
position of the Kansas coals and of one of the Missouri coals 
may be due to the error of the common method of correcting for 
sulphur. 

The average results shown in Fig. 35 correspond approximately 
to the following formula: 

B.T.U. per lb. air-dry coal, ash-free = 16,400 —SOOil^a, for semi- 

bituminous coal; 

= 15,300—240Ma, for bitu¬ 
minous coal; 

in which Ma is the percentage of moisture remaining in the coal 
after air-drying, referred to the coal free from ash. That is, 

M-L 

100-(A+Ly 

in which M and A are respectively the moisture and ash in the 
coal as received, and L is the loss on air-drying, figured as a per¬ 
centage of the coal as received. 

After studying the coals by the method of plotting as described. 
Table 2 was constructed, in which a revised classification is 
attempted. The extreme differences in B.T.U. per lb. between 
the B.T.U. per lb. given and those that result from calculation 
by Dulong's formula, by the Mahler curve, and ,by the moisture 
formulae for air-dry, ash-free coal, are given in the table on page 
85. The extent of these differences suggests that in some cases 
the calorimetric determinations, or the analyses, or both, may be 
in error, and indicates the necessity for thoroughly checking the 
loss in air-drying, the moisture determinations of the air-dried 
coal, the analyses, proximate and ultimate, and the calorimetric 
work. 
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CALOUIKKl POWKIi OK KUKLS 


TABLE 2 

CLASSIFIED LIST OF AAIEHH’AN (JOALB 


I. ANTIIltACITK 

Alaska.4. 

(k)lo.5. 

Pa.7. 

Pa.a. 

Wash.5. 


Ark. 
Pa.., 
Va.. 


II. SKMI-ANTnilACri’K 


.11. 

..1. 


in. Skmi-hithmunouh 

Ala.1 .. . 

Ala.2.. . 

Alaska.3 .. . 

Ark. 2... 

Ark.5.. . 

Ark.6 .. . 

Colo.7 .. . 

Colo.a.. 

Ga...I .. . 

M(1.I .. . , 

Md.2.. 

Md.I.. .. 

Md.4.. .. 

Mont.9 .. .. 

Okla.2., 

Okla.1.. .. 

Pa... 2.. .. 

Pa.3 .. .. 

Pa...4.. .. 

Pa . .. 6 .. .. 

Pa.9. .. 

Pa......10., 

Va. .4 , .. 

Vu.. ... ^ . 

Wash..6 

W, Va. .2. . 

W. Va. 3 . 

W. Va..4 

W. Va....,7 

W. Va. ,B 

W. Va......10 . .. 

IV. CUnnkl * 

Ky. 2 .... 

■v/Va'.'I " 

Utah.. .. .. .6,. , 


V. PiTOMnsrotm, Iltcoi (uunr, 

Ala.. 3 

Ala.... 4 

Colo.. 4 

Colo. ..”6 ■ ” 

Ill.... . 6 

Kan. 2 ‘ ’ 

Kan.. 4 ■ ■ '' ^ 

Ky. 4.; .. " 


( ’(IMUrHTlIlt.K. 


Ant 

AhH KItKK. 


*H in combufitlblo: Kv. 2. 7.11* Kv i 7 M- 
The hlpheat n Iti tho other ooal» in A7S, Mo.'a' TbirtnAiL 
the ortuir of the eoaln of the »(»vi*ral Htaieii in 1‘abli* I 


1 Vol. 

S. 

; D. 

p.T.r. 


a.a 
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4.04 

15.20 4 

1 5 5 

F6 
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1 . 42 

15.41 4 

1 08 

1 . i 

1.00 

2. 1 1 

14.882 

( 44 

3.7 

0.68 

2.41 

1 5.248 

0 8 4 

a, ^ 

0.72 

2.67 

15.410 

0 80 

14.a 

2.14 

2.57 

15,496 

1.45 

10 0 

0.74 

2.17 

15.457 

0 91 

H, 1 

0.82 

4.18 

15,500 

0,90 

2 a a 

0 59 

4 45 

1 i.757 

1 15 

27 9 

I 58 

4 42 

1 5.620 

0 94 

15 5 

1 29 

4 02 

15.651 

() 6() 

16 7 

4 16 

1 69 

1 5,624 

0 86 

17 0 

4 57 

1.25 

15,5 40 

0 92 

20 7 

1 47 

4 27 

t 5.602 

1 44 

21 a 

0 58 

4 44 

1 5.849 

0 81 

25 a 

0.72 

2,29 

1 5,9 49 

1 41 

19,4 

1.55 

5 96 

1 5.65 4 

0 74 

16 5 

1 1 4 

2 at 

15.710 

0 90 

16 0 

1 02 

2 54 

15.640 

1 10 

19 7 

0 94 

4 01 

15.826 i 

0 80 

17 5 

1 0 98 

i 47 

15.856 

0 Mt 

la i 

0 96 

2 9 4 

15.721 

0 61 

21 7 

1 15 

2 87 

1 5.586 

0 51 

15 7 

1 46 

1 87 

15.728 

0 70 

19 0 

1.87 

4 12 

1 5,840 

0 99 

24 a 

1 8t 

^ 5 50 

‘ n.476 

0 40 

25 0 

1 5(1 

4 72 

15.660 

0 86 

19 5 

1 7 4 

1 99 

1 5.68 i 

1 50 

17. i 

! 6 4 

2 82 

15.847 

0 65 

17 2 

5 09 

1 66 

15,494 

0 76 

19,0 

0 68 

1 42 

15.840 

0 54 

17 5 

0 68 

i 21 

15.910 

0 64 

16 i 

0 48 

1 97 

15,264 

1 67 

25 1 

0 86 

4. 1 4 

1 5,199 

t 18 

2 4 1 

0 61 

1 68 

15.716 

0 90 

II a 

1 27 

5 52 

15.781 

0 81 

19 9 

0 60 

i 80 

16,018 

0 69 

16 5 

0 79 

4.56 

15.820 

0 M 

la 1 

0 86 

1 97 

15.919 

0 71 

55 5 

1 18 

7 57 

15.800 

0 91 

57 0 

1 15 

7 61 

16.01 4 

1 44 

47 4 

0 92 

5 44 

16.176 

0 84 

67 6 

i II 

11 68 

14,918 

a 16 

11 4 

Ml 

6 99 

H390 

1 21 

15.1 

1 07 

7 00 

H.iH 

1 77 

11,1 

0.72 

9 18 

14,681 

t 01 

41 7 

0 56 

a 77 

H.559 

0 81 

40 0 

2 82 

9 74 

14.818 

2 14 

19. a 

6 68 

5 26 

15.167 

1 86 

19 5 

4 91 

7 17 

14,809 1 

2 49 

15 1 

0 58 

fl 05 


1 64 1 
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n:vA\ 


14 Am 
tij.4? 

14,660 
IS.lii 
I5.il)7 


15,272 
B. I9« 


t5,V/7 
15,475 
15.559 
15.525 
H.i«7 
B. 191 
15.716 
15,712 
HA40 
B.577 
B.47« 
B,699 
15.746 
15.625 
H.Mh 
15,619 
H.6«« 
BJI6 
I5.5il 
15.624 
l%.744 
B.I7a 
1\7W 
15.795 

B./lfl 

B39/ 

B.655 

B.99« 

1 5.mi| 


H.646 

15.7114 

16,«4i 

1 he*m 


n.4mt 
14,947 
14311 
B.4II 
14.4711 
14.714 
14.4 46 
) 5,tl9S 


Vit I, 7 11. rfiib, 6. 7 71. 
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TABLE 2 —Continued 









Vol. 

V. HITIIMINOIIH, IlHai-tniADK. - 
Continued 


N. M<‘X, 
N. Uvx 
Ohio.. . 

1 


41 . 5 

.2 .. 


34.4 

.1 .. 


45.5 

Ohio.. . 

.4 . . 


42.9 

Oliio.. . 

.5 . . 


42.8 

Okla.. . 

.5 . . 


35.5 

(. . 

.6 . . 


40.8 

l>ii . 

.. . 1 . . 


38.3 

Pa. 

.. .5 . . 


32.4 

'I’ono... 

.. 1 . . 


38.4 


....2 . . 


33.8 

'I’ooiv. . 

... C. 


39.8 

Va. 

.1 . . 


38. i 

Va. 

...2.. 


40.2 

Vjl. 

.. 6 . . 


35. I 

VVilhIi . . 

. . I . . 


44 0 

W.Va. . 

.. . .5 , 


44.3 

W. Va. 

. ....6 . . 


40.0 

W. Va. 

. ....... . . .h , 


36.4 

Wyo.. . 

... ... H. 


39. 3 

VI. UiTttMiNouH, Mkdhim 

(lUAOK. 


A hi. 

. . 5 . . 


37.7 

Alanka 



44 2 

('al.. . 

... . .2 


53.8 

III. .. . 

..2 . , 


41.4 

ni.... 

. ....... , . . . ^ 


37.4 

Ill.... 

.. ..7. 


39. 3 

IlKl.. . 

. .1 


40.9 

Ind. . . 

.. . , I 


47. 3 

la.... 

2 . 


51.2 

la.. .. 

.. ^ . 


40 . 6 

Kan , . 

. . 1 


44,2 

Kan , . 

. .... . I 


39.8 

Ky . . . 

........... .1 


44.0 

K V . . , 

.. 5 


43.5 

M*i» h . 

......... . . 1 


38.8 

M Irh. . 

.......... 2 


37. 1 

Mo.. . 

.......... 1 


44 8 

Mo .. . 

....... . i 


44 6 

Mo , . . 

...... 4 


50 8 

Mo . . 

.... *1 


45 3 

Mo 

(* 


50 2 

Mont. 

.... 


34 3 

Mont 

.... H 


39 6 

N. Mox 

, . . 1 


44 3 

Ohio.. 

. . 2 


37 8 

Ohio. 

I 


47 7 

(ikla. 

4 


4t 7 

Olah. , 

. . 1 


45 6 

rtah, 

2 


47 2 

Wiwh , 

1 


41 8 

Wyti.. 

0 


39 6 

vn. 

IhTOMJNOt'H, Low ( 



Aliifika 

i 


40 8 

111 . 

1 


i 46 0 

Ill 

4 


40 ft 

III 

..... ^ 


46 2 

tnd 

..... 2 


42 2 

Inti 

........ 4 


44 ft 

la 

.... . 1 


4/ 5 

Mo 

.... 2 


4/ 3 

Mont 

..... \ 


31 i 


i 


(klMHUHTinOK 


Air-dky, 

Asn-FRBia. 

S. 

0. 

I3.T.IT. 

Moiat. 

B.T.U. 

0.74 

8.79 

14,875 

1.64 

14,630 

0.96 

6.93 

15,221 

0.80 

15,099 

4.58 

8.10 

14,888 

1.75 

14,626 

3.97 

7.04 

14,965 

2.38 

14,642 

3.66 

9.01 

14,832 

3.83 

14,431 

7.36 

3.71 

15,025 

1.38 

14,814 

2.06 

7.35 

15,061 

1.57 

14,825 

1.38 

6.94 

15,345 

1.42 

15,127 

1 .00 

7.35 

15,51 1 

1.07 

15,346 

1 . 17 

7.94 

14,960 

1.97 

14,665 

0.95 

6.70 

15,320 

1.08 

15,137 

5.73 

5.14 

15,125 

1 .32 

14,921 

1.32 

8.01 

15,156 

1.79 

14,887 

0.85 

12.18 

14,918 

2.52 

14,381 

0.97 

5,65 

15,291 

1.49 

15,069 

5.23 

13.93 

14,796 

1.55 

14,569 

3.8() 

7.06 

15,291 

1.58 

15,048 

0.72 

10.10 

15.107 

2. 11 

14,787 

0.7 3 

5.14 

15,448 

1 . 36 

15,237 

0.99 

11,40 

14,848 

2. 13 

14,552 

1 37 

10 45 

14,467 

2.69 

14,078 

1 83 

14.1 1 

1,3,838 

2.55 

13,484 

4.80 

1 1 .47 

14,336 

5.19 

13,593 

1 . 36 

12.02 

14,492 

5.15 

13,745 

1 . 14 

8,46 

14,621 

6.02 

13,742 

3. 10 

9.03 

14,724 

3.71 

14,177 

2 88 

9.50 

14,492 

5.48 

13,698 

6 60 

9.96 

14,305 

5.01 

13,576 

8,53 

8 96 

14,206 

5.35 

13,445 

6 64 

8.03 

14,555 

6.24 

13,647 

9 ,94 

5,64 

14,724 

4.09 

14,121 

5 22 

5.98 

14,922 

4.30 

14,269 

4 29 

8.90 

14,657 

6.52 

13,702 

5.64 

7.46 

14,8 36 

2.98 

14,394 

1 53 

9.54 

14,499 

4,70 

13,818 

I . 1 1 

10.51 

14,60 3 

5.59 

13,786 

5 16 

9.5 3 

14,351 

4.65 

1 3.682 

4 96 

1 1 ,83 

13,892 

3.42 

1 3,416 

6 3 3 

7,73 

14,679 

3.69 

14,136 

9 45 

6 28 

14,476 

2.83 

1 3,921 

1 6 21 

6 12 

15.1 34 

5 68 

14,276 

4 «6 

9.50 

14,1 34 

2,42 

13,791 

0 60 

9 77 

14,681 

2. 30 

14,342 

! 0 68 

12 70 

14,5 39 

3.06 

14,093 

! 0 63 

11,58 

14,269 

4.69 

14,152 

5 74 

i 9 44 

14.33/ 

3.30 

1 3,523 

: 2 31 

9 26 

14.711 

4.31 

14,075 

I 0 60 

I * 30 

14,245 

4.98 

11,516 

0 62 

10 9 3 

14,764 

2.47 

14,399 

0 57 

12 38 

14,348 

3.26 

13,879 

14,391 

0 84 

9 25 

14,793 

2 73 

0 94 

lift 83 

12,064 

5.42 

12,261 

1 6 33 

•10 5 3 

14,261 

6 75 

11,300 

1 5 55 

112 02 

1 13.921 

6 02 

11,084 

S 6 01 

!l0 09 

1 14.155 

10 59 

12,657 

; 1 7« 

JO 55 

1 14,746 

9 60 

13,329 

'■ 6 73 

1 9 69 

14.089 

6 17 

1 3.220 

5 69 

9 73 

' 14.305 

n . 33 

12,684 

! 4 85 

no 6ft 

1 14.202 

7.37 

13,156 

12 99 

6 fti 

1 3.69 3 

^ 2 37 

n.368 
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CALORIFIC I’OWFK OF FFKI.S 


TABLE 2 —Cniitinunl 


< 'oMIU HVtUUK. 


VII. Bituminouh, Low (iKaok 
Conlinucd 

Mont. 2 ...... 

Mont.J. 

Mont..4. 

Mont. 6 , 

N. Mox.4 ...... 

N. Mex.. 

Okla.I ,... , 

Oro.. i , 

UtaJ).K . .. ., 

Utah.4.. .. .. 

Utah.S ...... 

Wash....2.. .. , 

VIIL ano 

Lionjtm 

Ark.. U ... . 

Cal... I.. . 

Colo...I...... 

Colo... 2... 

Colo.. I .... 

Mont... . .7...... 

Mont.. I(L . . . 

N. Dak.. I , . 

N. Dak. ... .i.' 

N. Dak. .i..... 

Ora.... J ..., , 

Ora.... 2 . 

S. Dak.. I.... . . 

Tax.. J .... 

Tex... i.... 

Tex... j, / 

Tex.... 4 .. 

Utah.. 7 ., 

Wash........4 ■■ ■ 

Wyo.. I 

Wyo.. ,2 

Wyo.. I .: . 

Wyo.. .4 

Wyo....' ■ 

Wyo. ....A .' 

Wyo.................. 7 . ,, , . 

Wyo,......,.,,..... j 0 

Not Ch,A«MiriKt> 

R. I.. , I 

R. I. .1 '■ 

Alaska, . $ 

Ark.. . . 4 '” 

Idaho.. .1 


Vol. 


s. 

< K 

: H ■ 

( 

'i 1 

i\!. 

iH'.t 

44 

.4 

1 

71 

in 

44 , 

11 

. 1 Iff 

^ H 

/'» 

41 

y 

i 

00 

r» 

«/ 

f 1 

.107 

t$ 

i4 

17 

% 

n 

mt 

10 

71 I 

i i 


i 


y 

(> 

J 

m 

10 

14 ! 

17, 

.4 irt 

H 

(?o 

4i 

« 

0 

/« 

14 

00 

1 4, 

,’HO 

1 1 

/o 

4f» 

d 

j 

i« 

\h 

00 

1 

J 7 7 

ft 

H/ 

4*-^ 

0 

'» 

01 

|{) 

ni 

1 1. 

,00/ 

/ 

/4 

4H 

I 

J 

0 

Ci*» 


! 

H. 

01 ft 

1 ! 

Hfi 


4 

*»6 

m 

H 1 

1 h 

1 Hi 

no 


4 

/ 

77 

!0 

04 

1 1. 


0 

ii» 

44 


/ 

{0 

14 

Ifi ! 

1 t. 

imi 

t i 

4/ 

4/ 


0 

44 

1/ 

n 1 

t L 

47 1 

, 

’0* 



1 

} 

01 

Ifl 

M* 

17 


' 11 

0/ 

40 

h 

tl 

on 

711 

14 

17 

. 417 

. f 1 

i 11 

«7 

40 

t, 

4 

«« 

77 

14 

1 1 

. ItA 
7/ff» 

i 1 

‘»4 

ti 

fl 

1 

77 

im 

17 


71 

7/ 

n 

1 

f)‘f 

10 

Hi 

17 

.o^in 

\ H 


44 

1 

: fl 

ii» 

74 

H 

1 1 

iJI 

O 

/*» 

10 

1 

^ II 

1/ 

71 

O'l 

17 

fifi 1 

117 



*1 

1 

jfi 

7 i 

II 

1 1 

10 4 

'/4 

flO 

4/ 
4 1 


i ii 

IM 

// 

A/ 

fill 

'll 

17 
1 1 

4i; 

If ill 

1 Ii 
/ 

,* * 

m 

11 


ft 

1 

1/ 

= 70 

fir* 

H 

f« in 

0*1 

40 

4 

! 

fl 

// 

ill 

1 

14 

10. 

III 

1 i 

m 

#♦ 

0; 

fl 

ill 

f 

1 

10 ^ 

1 i. 

1 7il 

1 

, 

it 

1 i 
7 ' 

0 

li*i 

1 

// i 

14 

IMi 

' Ii 

17 

II 

III 

/o 

% 

7i ' 

1 A 

*141 

^ 4 

// 

11 

fl i 

1 

4 I 

fi 

44 

i 4 

0 4 '♦ 

1 

/; 


ll 

4 

// 



if* 

ri/ 

1 fl 

4 7 


Alii i»»«^. 

A.HII ‘VUKH. 


li.f 7D« 
li. ii4^ 

I 2. HI I 
n.4ii • 
ti. tCWf 
lijMmf 
I ijtm 
umi 

t/. Ift4 
tijjh 
n.«/4 


] 

! tL4/« 
i 10.004 
; HIJI04 
5 11.0 Id 

^ i.mtt 

\u.m% 

I L4/i 
I0,0«4 

tljl// 

I L%;a 

MjHfi 

*K%i% 

ni.ui 

II.%H 
I ijhit 
IfIJOl 

uum 

iA%B 


wyominf 6, Uikm lu (i ttma lit? ][***' * **-* • i . i.? \Dti» 

I .= ' " • • ^ «•». 

semLWfumlnow cmk lit*’Id»lt» ciwi . A 1 .T.. “ ^ ‘ ^ 

tore, but th® ultinmir analyulft in hrkim. ‘ ^ ‘ ^ u, 
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Differences between Actual and Calculated Heating Values.— 

"[’lu', following l,;ilile shows the rang('. of variation of heating value 
as deUa'inined hy ealorimeter from that found by estimation from 
the Dulong formula, the Mahler (airvc; and the moisture formula. 


RANCK OK VARIATION OK IIKATING VALUKS 




B.T.U. GKEAThiit (+) OH Less (~) than 
Khtimateo »y 


I. Aiilhracltd.. 

11. S(‘ini antiira(’it(‘. 

III. Soml hituininou.s. 

IV. ('aiuid ... 

V. BitumijiouH, liiKh Kradc.. . 
VI. UitusulnouH, inctiiimutrado 
VII. lUtumijUHiH, low f'ratlo. . . 
Vni. Sub bitumijuHiH and liKiiito 


DuloriR: 

l''orniula. 

~ 164 to d 127 
~ 21 to ”■ 193 

- 674 to *1 S46 
284 to d 172 

- 344 to I 842 
67 3 to 1 S92 

- 309 to d 1291 
1197 to 11292 


Mahlor 

(Uirvo. 


™ 76 

to 

d'373 

- 23 

to 

-176 

- 516 

to 

[208 

~ 849 

to 

d 725 

-1226 

to 

d736 


MoiHturo 

Forniula. 


~ 385 to d" 87 

- 233 to -274 

- 557 to 1643 
-H 198 to +686 
~ 447 to d-908 
~ 923 to +967 
-1674 to +680 


For (h(‘ (irs(. fiv(^ clnsst's ilu‘ nuixinumi variation of the ealori- 
iii<‘tri(‘ from llu^ (‘stimatcal valu(‘ by th(‘ Dulong formula is 842 
li/r.U., by tlu' Mahl(‘r curve 849, timl liy the moisture formula 
908 'Vhv n‘visc‘d (‘lassiheation is as follows: 


CI.ASSIKICATION OF ('OALB 






.. 



1 

Vtdatdo 


MidHtiiro 



B.T.U. 


Mat t«T, 

Ox.vrb'n 

in Air dry 

B.T.U. 

pnr Bound 


For ('out 

in ('om 

(’Old, 

pt'r Bound 

Utifd, Air- 


of t 'i»in 

bu*dlbU\ 

from AhIi, 

(UunbuHtibli*. 

i dry, Anh- 


bunUtdo. 

I’bi't ‘ont. 

1 l‘i*r (‘imt. 



froo. 

AnOisantt*. 

loMf-l 







tbiin lb 

1 4 

b‘fiHthan l.B 

14.800 

15,400' 

14,600 15,400 

Hriui anthiiyUt’ 

lb 19 

1 9 

thiin 1.8 

15,400 

15,500 

15,200 15,500 

HrinI t»ifuiulnouH 

15 ib 

1 6 

Umn 1.8 

1 5.400 

16,050 

15.100 16,000 

(‘anind 

45 t»b * 

5 H 

b*»!iihan 1 8 

15,700 

16.200 

15,500 16,050 

liilumtnoini, hlKli 

i 






iaad«‘ 

Ib 45 

5 14 

t 4 

14,800 

15,600 

14.15(4-15.400 

IlitusniimuH, on* 







diuin laiMb’ 

12 5b 

6 14 

2 5 6.5 ! 

13,800 

H,tb0 

11,300 44,400 

|l|IU!IUniH|;l, low 







ttriub’ 

12 ‘ib 

7-14 

5 11 

12,400 

14.600 

1 1,100 •! 3,400 

Sub lufuiidnotsi 







and 

27 6b 

10 il 

7 26 

9.600 

1 1,250 

7,400 11.650 


•* Kmiwn fiiiiistd. 'I'lio I'tiiti ciuuirl In nmcdi luwtir In hmUiiK vahw. 
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CALORIFIC POWER OF FUF:LS 


Heating Value of Foreign Coals.—The tables on tlu' folio 
pages arc abridged from tRoso in the ataiond edit ion of Huh v 
Those tests of whossc reliabilit.y Ihoni wsw tlu' slightt'st. <1 
have been eliminated from thc^ tabk'S. In tlu? tabk'H of Fr 
coals Mahler’s teats have b(«'n subKtituled for the now moi 
less discredited Schcurer-K('Htner Ic'hIh. 
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CALORIFIC POWER OF FUELS 
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KHANCF, (I*. MAirLEU) 


Kimi of Coul. 


Anthriicitt) and Anthracitic 
Do la Mur<‘ ((Jraiuh' Couoho) . . 
Day Duoiift t’rt)uKin) . 

Kt*l)ao .. ..... ... . 

(’ojnmontry. .... .. 

iUan/.y, I’uitH Sto. HarlH‘ ... . . 
(Sratulo (Puitn PotaHHan . 

C/fOUHOt.. , . . . 


AvoraKn. . . ...... . , 

Fat and Sami-fat (Domi-i^niKso i 
Doini Ki’aaHo, (i'Anxin, 1 ‘orso St. Marr 
Doml ftraHHo, (Irando ('cmibo, ,. , 
Dornl ixraH.s<‘, Utniu'la MolU’^n’. .. , 
n(nni i^raHHt', Aniolu*....... . 

(IruH.Mo, Au/.in. Krt'at voitu. .... . , 

(SraM«% Itonoliainp,........ ... . . 

CJraHW*, laaiH. .. 

(}raHa<s < 'arinaux . 

(IriiBHo, Hooho la Moli^rt* .... 

Hatnt Dtloiuit* . . 

(IraHMo, MIuoh <lo PurtoH pSanD . 

Av<‘rafro. 

Fat (fiirO'Cnals 
Pothuru'.. . . ..... 

LottH......... . , ..... , „ 

FIrniiijy. . .... . . . , 

Mnntmttthort 
<'nrtiifH'nlry. , . 

Daiiiiol'Omy, Nhldrio. . . , 

AyomKo. 

Flaming Cauls, Ugiiltlr 
Moiitoio. , 

Blati/.y (Pttltfi Hto. Mariot 
Dts'iaovllh* iPourriur* 

Blati/.y cPuipi Hto, Kui.t/ailol, 

Doott/.ovtUo prriytH»iiti j 

Avoraip' 

Avoragt* (d alun'o fimr oIiwmi'b 
I dgflitlSM 

IVrro do Foy, 

Trifiill cHtyriii) 

Vatirliittril. . i 

WtHid i 

Partially dry, .Santn do \'(»rvi%o. j 

Unin do (‘h^ito do Porfaiiio i 

Didliiliwo, 


CloAi, Dky and 1'’rkk from Ahh. 


M™- O 


d(>, 8 i 

94.80 

96.81 
94.00 
91.29i 
89.56 


«5.92i 
86.62 
86 00 
88,07 
78 491 
76 77 
80.50 
78,25 
77. I 5, 
79. 16| 
80.71 


69 59 
69.20: 
67.98' 
65.71 
60.041 
47.00] 


62.91 

68.05 
64.20] 
60.61 
58.77' 


47 ill 

49 66 ' 

50 05i 


(U)inpoHit,iou. 


95.24 
92.86 
91.46! 
91 .49] 
90,00 
91 .46 
92/19 


91,26 

91.19 
90. I 1 
90 lO] 
89 20 
88.89 
90.01 
87.84i 

89.51 
89,21 

86.52 


87 01 
87.26^ 
m . 19i 
84.52i 
85.66i 
81 791 


81 95 
84.26, 
81.171 
81.54 
78.72 


II. 


I , 50 

2.16 
1.07 
1.12] 
1. 17] 
1.95, 
3.78 


4.27 
4.46 
4. 18 
4.40 
4,67 
4.84 
4.80 
4.87 

4 84 

5 01 
4 84] 


5.17 
5.44 
5.58 
5.54 
5.60 
6 57 


5 64 
5.27 
5.68 
5.64 
5,67 


t)+N. 


1.26 
4.9<> 
1.48 
5 . V) 
6.81 
4.59 
3.81 


71 01 5 94 

69 14 5 06 
66 16 5 01 


51 08“ 
50 44 
44 441 


6 02 

5 88 

6 17 


4.48 

4 15 
5.51 

5.49 
6. 14 
6.27 
5.17 

7 10 
5,61 

5 74 

8 64 


7 60 
7. 10 
9. I 1 
9,94 
8.71 
9 61 


10 42 
10.461 
IK14 

12 81 
15.61 


21 05 
25 71 
28 61 


Heating? ValiRi, 
(hiloriea. 


8216 

8121 

8512; 

8456 

8201 

8540 

8687 


8656i 

8756 

8767 

8814; 

85741 

8797 

8819| 

8619 

8867 

8857 

8667^ 


86681 

8749 

8571 

8598 

8408 

8411 


85 70 
8150 
8270 
8081 
7817 


8654 

8705 

8524 

8407 

8571 

8717 


8171 

8271 

8294 

8072 

7715 


70191 6882' 
6616 6117' 
6076i 5918, 


66 


14 

- 44 
». 4<> 

I 165 
{ 286 

I 52 


79 
I 24 

n 

102 

74 

- 18 

157 

299 

■■ 118 


42 90! 4828. 44181 --4(M) 
41 69; 4689 4291! 1€)6 

49 19; 4i0(l| 1617/^-581 


♦ DiilDO|f\H r<H'iioila. fdlirhlly itiodiflrtl by AlalihT lio 


100 


[■ 
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CALORIl’IC POWKR OK KKKLS 


CKHMANY 

III thin form by 


Name. 


A. Ruhrcoal 

1. Alteneason. 

2. Bonlfaoiufl. 

3. Concordia. 

4. CoiiHolldatlon. 

5. DahlhauHon-Tlofbau.. .. 

6. Danrienbaiirn. 

7. Daimonbauni. 

8. EwaUl. 

9. Friedrich KrnoHtine.... 

10. FriUiUcho MorgeiiHonue. 

11. General. 

12. Graf Beuat. 


13. Hanaa.. , 

14. Holland. 

15. Horde... 


16. Hiiffo. 

17. Ijottirinfircn. 

18. Mont-denis. 

19. Pluto. 

20. llecklin^?hauB(Mi.. 

21. Mathiaa HtitmcH. 

22. Shamrock II.... 

23. Bhanirock. 


24. XTnser Fritz...... 

25. Viktoria Mathias. 

26. Gruhe Vollinond.. 

27. Wostonde.. 


28. Wllhelmino Viktoria., 

29. I^ollvcrein.. 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

12. 

13. 

14. 

15. 

16. 
17. 


B. Saar Coal 

Camphausen Level III., 

Dudweiler.. 

Frankenholz. 

Friedrichsthal. 

Heinitz I. 

von der Heidt. 

Itzeiiplitz... 

Itzenplltz. 

KOnlg I. 

Kohlwald... 

Kreuzpfrftben, Level 1.. .. 

Louisenthal. 

Maybach, Level 11.. 

PhttlinRen. .. 

Heden. 

Bt. Ing-bert Gas-coal.. .. , 
Bt. Ingbert Heating-coal. 


7b 21 b 1 
HI 17 4 77 CHHI on 

HO (m|i 4 n|i 4bi 


(kmro.HiTioM tir Aiu uuy 




10,4 


7.4 4 
IH 4 

27^ 
5 b 4 
27 4 
b 6 j 4 

mk 


54 i 4 

1 1110 
b4l 6 
4 !| 2 
aii 0 
bit H) 


5 i I .07 
77 I 71 
7 hU\ ao| 

UiU.be>j 
1 .26 
1 oo! 

I 02j 
0 pi 
I 12 

1 i*» 
/ 


5 i'l f»ii 


I 75 , 
1 ob| 
1 121 
I 14 : 
I 061 

1 'm 

0 ao 

2 lft| 
I 54 ^ 
0 7 o! 
I 4 il 
0 5bS 


b 71 
6 60 ! 
0 ml 


4 bPj 
1 61 
1 62 
1 ibi 


HO 67 
Hi 61 
66 20 
HO b 7 
HI 
HI 65 
Hi i 6 | 
Hi ,56 


5 42 ; 
4 55 

4 10 * 


22 5 


b H i 

6 Ih\ 0/i 

,u' 7 4 111 70 t 
5 05 ’- b i 7 lO 41 ^ 
111 6 MU 46 
4 4 b 4 Oiif 51 ' 
?b| 1 6i:i Ibi 
4 77 \ 5 Mil /a: 


H 0 . 4 H 
HO. 72 
7 b. 76 
81.361 

7 b Hi 
71.15 


HO 15 

78.26 

77.77 

76.10 

77 . 2 b 

6 b. 07 : 

7 b. 

72.96 

76 . 6 b 

71.48 

HO, 41 

70 rv 

79 67 
m 67 
72 . 9 a 
HI 4 b 
.HI 26 5 


oa; 1 14 

0 bb 4 86 ! 

0 aoj b 84 ! 


1 7 o; 

I 4 b; 


5 22 

4,80 

4.77 

4.76 

5 17 
4 65 


1 44 ' 
1 281 

1 101 
1 05 


8.10 i 
H bill I . 56 ' 
5.44 I . lOi 
1 ..nil. 51 ; 

8* 41 I 

b 61 1 ib 


84:0 86! 
17.0 97^ 
74b 86! 
28:1 . tl 
54 0.72 
blil.li 
52 1 .40 
51 1 41 
05 jO! 
86 0 bl; 
b4 0 4b 
lb I 05i 
,17 0 70! 
80 0 80; 

10 0 bb; 

11 0 65i 
16b 95; 


1 nm 

0 b8; 
0 bi! 

I IB! 

I m\ 

I bb| 


1 il 
1 12! 

1 10' 

2 01: 
I 00] 
I boi 
I bi! 
1 68 ; 
I 21 
4 05 
I 45. 
4 81 
I 60| 
I bl. 
I 45: 
1 7 4 
1 14 


1 10 
4 Ob 
17 8/ 
2,78 
4 48 
7 01 
6.91 
4.21 


i 

3 

i 

H 


88 54 
bi II 
b? 8i 
bl 75 
bt ,68 
95 01 

94 04 

95 1b 
91 50 
b7 67 
94.96 

96 12 

94 5ft 

94.15 

89.16 

95.20 

94 42 
79 61 

95 70 
94 08 
91 ,69 
91 ,97 
94.72 


4 12 94 00 
0 08195 74 
7 ftlibl 27 
/ 84;90 bft 

4 71191 42 
9 69(87 12 


94 26 
9i 91 
94 59 
91 17 


51 

II 

79 

il 


9i 04 
ibO 10 
94 10 
87.46 
91. bf 
84.84 
90.11 
95.44 
94 77 


' Hnlong formula for cfaciilatlog himi-biittM c VerhiMtilwfiiffiiHi. 


















































SOLID FULLS 


91 


—Continued 

reqiu^Ht of FrofCHHor H. litTNTU 


('otWroHITION OK 
PUUK ('OAL. 


d 

o 


a 

tXJ 

tt, 

o 

TS 

(j( 

« s 


a 

,u 

a 

3 

4* 

o 

«i 

Cj 

-n 

4' 

H 

olatile 

Matter. 

L 



s 

O 



7, 

C. 


c 

K* 


86 

. !9 

5 

.24 

7 

17 

, 

.20 







86 

.21 

4 

.59 

7 

. 11 

1 

85 

82 

'27 

75 

67 

i6 

64 

86 

.01 

5 

. 14 

7 

.95 

0 

88 




87 

.27 

5 

.17 

6 

, 51 

1 

01 

yr; 

15 

70 

04 

ii 

71 

<)() 

.79 

4 

.42 

1 

.41 

1 

. 18 

84 

78 

77 

52 

14 

16 

89 

. 65 

4 

,62 

4 

.62 

1 

. 1 1 

77 

, 12 

71 

()’/ 

21 

04 

88 

.85 

4 

.81 

5 

24 

1 

.08 



81 

10 

5 

.18 

10 

86 

0 

.66 







86 

19 

5 

.28 

7 

11 

1 

.20 

70 

08 

65 

12 

28 

ia 

91 

,40 

4 

.51 

2 

81 

1 

.28 

85 

18 

81 

55 

14 

12 

86 

n 

5 

07 

6 

97 

1 

65 

70 

54 

66 

92 

28 

04 

82 

24 

5 

H 

It) 

95 

1 

68 

74 

,41 

71 

14 

24 

98 

84 

08 

5 

,51 


10 

19 


68 

10 

64 

96 

29 

62 

88 

55 

5 

07 

5 

11 

1 

07 

78 

82 

71 

96 

20 

19 

89 

62 

4 

12 

4 

59 

1 

67 

86 

16 

76 

12 

11 

04 

84 

81 

5 

55 


9 

64 


65 

70 

61 

16 

12 

65 

87 

52 

4 

82 

6 

58 

1 

08 

76 

28 

72 

19 

22 

21 

81 

14 

5 

40 

9 

11 

2 

1 1 

71 

81 

51 

96 

25 

67 

84 

60 

5 

28 

9 

70 

0 

42 




86 

D 

5 

41 

6 

72 

1 

52 

71 

18 

66 

90 

27 

ia 

89 

05 

4 

90 

4 

18 

1 

67 

78 

71 

71 

70 

19 

99 

89 

55 

5 

21 

1 

95 

f 

29 

78 

46 

71 

5 1 

20 

44 

88 

22 

5 

04 

5 

19 

1 

15 

78 

16 

74 

1 1 

20 

59 

85 

62 

5 

55 


a' 

81 


65 

9{) 

61 

78 

12 

22 

84 

11 

5 

01 

9 

05 

1 

61 

71 

74 

70 

46 

25 

28 

87 

19 

5 

21 

5 

96 

1 

42 

77 

56 

69 

75 

21 

52 

89 

41 

5 

21 

1 

66 

1 

68 

80 

27 

72 

41 

18 

55 

85 

44 


5 

51 


9 

01 

67 

40 

62 

67 

10 

75 

82 

17 

5 

12 

11 

01 

1 

48 




85 

24 

5 

52 

8 

11 

0 

91 







84 

21 

5 

50 

9 

ii 

1 

05 

65 

49 

59 

77 

i:i. 

i9 

82 

25 

5 

48 

n 

16 

0 

91 

62 

70 

59. 

55 

15. 

00 

81. 

21 

5. 

45 

10 

1 1 

1 

21 

60. 

81 

54 

41 

17. 

14 

84 

45 

5. 

41 

9 

11 

0 

79 

66. 

40 

59. 

92 

11 

60 

80. 

95 

4. 

91 

12. 

81 

1 

11 

61 

70 

50 

91 

14 

40 

86. 

21 

5. 

14 

7. 

10 

1 

51 

74 

40 

68 

1 1 

21 

68 

79. 

97 

5. 

86 

12 

62 

1 

55 

59 

17 

54 

28 

16 

95 

81, 

12 

5. 

65 

8. 

75 

2 

28 

61 

07 

54 

12 

17 

72 

8J . 

17 

5 

57 

12 

01 

1 

01 

60 

21 

54 

$6 

15 

74 

85. 

46 

5 

56 

8 

46 

0 

52 




80. 

41 

5, 

14 

1 1 

01 

1 

20 







84 

80 

5. 

54 

8 

91 

0 

74 







80 

94 

5 

19 ' 

12 

71 

0 

94 

64 

95 

51 

72 

10. 

12 

80. 

79 

5. 

60 

12 

51 

1 

to 

62 

10 

56 

08 

14. 

25 

85 

18 

5 

21 . 

8 

71 

0 

68 

68 

46* 

65 

61 

29. 

at 

85. 

75 

5 

59 : 

7 

66 


00 

68 

50: 

64 

51 

10 

26 


Siooc: I 29,CIOo(lI } iSOOH 6f>l> w 


(-AI.OIUKH 

Cai.orikh of 


OK I''(rKO. 

< U)MHlIK'l'nJLK.. 


* 

a> 

cu 


OJ 

CL) 


d) 

B 

bib 

B 

M 

c 

o 

•c 

o 

G 

O 

'E 

o 

.£5 

a 

a 

q 

O 

a 

q 

O 

p 

7110 

7114 

8271 

8298 


7467 

7517 

8097 

8172 

2 

8008 

8078 

8194 

8265 

3 

7828 

7827 

8171 

8370 

4 

7829 

7816 

8546 

8532 

5 

8026 

8080 

8459 

8516 

6 

7926 


8434 

7 

7549 

7522 

7928 

7899 

8 

7711 

7716 

8278 

8283 

9 

8418 

8441 

8644 

8646 

10 

7824 

7840 

8248 

8265 

11 

7488 

7486 

7794 

7792 

12 

7650 


8101 

8398 

13 

7971 

7966 

8475 

14 

7415 

7482 

8326 

8379 

15 

7820 


8225 


16 

7804 

7840 

8275 

8313 

17 

6168 

6424 

8016 

8086 

18 

7688 

7662 

8041 

8016 

19 

7859 

7871 

8161 

8176 

20 

7800 

7842 

8511 

8560 

21 

7951 

7978 

8655 

8682 

22 

7992 

8015 

8444 

8468 

23 

7780 


8288 


24 

7620 

7617 

7965 

7983 

25 

7674 

7679 

8415 

8420 

26 

7881 

7907 

8670 

8699 

27 

7700 


8254 


28 

6825 

6899 

7817 

7922 

29 

7749 

7518 

8224 

7981 

! 

7527 

7518 

8110 

8122 

2 

7420 

7509 

8286 

7957 

3 

7296 

7141 

7862 

8032 

4 

7197 

6478 

8095 

5 

6424 

7556 

7619 

6 

7567 

7571 

8256 

8260 

7 

7051 

7019 

7751 

7718 

8 

7471 

7571 

8127 

8211 

9 

7016 

6989 

7796 

7766 

to 

7750 

7622 

8245 

8109 

11 

6615 

6661 

7619 

7652 

12 

7678 

7761 

8181 

8271 

13 

6492 

6511 

7680 

7729 

14 

6974 

6971 

7744 

7740 

15 

7752 

7798 

8111 

8181 

16 

7872 

7847 

8114 

8287 

17 




92 


CALORIFIC ROVVHR OK KHm 


GERMANY 


( 'OMI'OHITION <»F 

AnM>u¥ Coal. 



C. Upper Silesia Coal 

1. Grube Deutsdiland.71 .«)() 4. 17.17 1 C, 1 »»a! I 44^<14 da 

2. Gottesbftr^fer Viktoria (rim of mine),. . ai. 12 4.24 4.di i i\ t 6*> 6 aii«H SZ 

3. Giiklogrubo.. 77.7d 4.85 (0 07 0 57 1.67 5 05 «H 28 

4. Grul)e Kamf?in Louise. 70,60 4 10 8.77 I 57 2.28 li 48 85 24 

5. Mathilde.np:rube.. 78 C 4.70 d 87 0 75 2 05 4,i2«H,6i 

6. PauUiSffrube. 71.06 4,4015.16 I 41 I 05 I 1294 91 

7. Schacht Vereinia^t Feld.. 70.1? 5.17 9.19 i 26 8.14. 5.87 85^99 

B. Saxon Coal 

1. KaiaerffTiibe Gersdorf b. Gelsnitz.. ..... 7t 45 4 76 10.06 1 10 8.91 \ 51 87 57 

2. Vereinif3;t Feld Bokwa-Ilohndorf. ...... 74 61 4 9/ 9.60 1 80 1.50 5 50 91 00 

3. Zwickaii-Oberholmdorf WilhebiiHehacbt. 75 95 5 15 11.17 0 61 i,68i 1 22:91 10 


E. Upper Bavaria Molasses Coal 
Hausliamer Lar^'t^ Coal........... 

Miesbacber Coal.. 

Penzberger (run of mine).. 


F. Saxon Brown Coal 
" Alfred '* near (kUlx^ a. H., 

“ Bach ” near Ziebingim. 

Mtinselwitzer litivler “ Fortschritt ' 
GnadenhOtte b. Klein-Mahlingen. . 

“ Greppen ”... . 

“ Ijiitzkendorf ”. 

" Marie Louise ... 


G. Peat and Lignite 

Peat, “ Pachorrschwafge .. . 

Compressed Feat, “ Ilofmark-HtelrifelH ’* 
Idgnite, Josefszeche in Hchwamuikirehen 
Peat, “ Oatraeh "..... 

H. Coal Briquettes 

Dahihausen Tiefbau... 

Haniel <fe Co.. 

Hugo Btinnea, Htrassburg... .. ,. 

Stachelhaus c& Bucliloh.. 


. 58.01 4 42 12.02 4 8? 7 174 1 11 79 12 

. 51 92 1 75 I 1.44 5 11 17.12 8 46 74 42 

.47.78 1.81 10,92 5 24 10. 18 22.05 67.77 

. 41.41 1 29 9.84 2 12 16 26 7 08 56 66 

. 15,91 2 56 11.20 0 99 45 II I 99 52 68 

. 44 47 1 67 14.69 1 72 27 H 8 12 64 55 

17,16 1 19 9.6i 1 66.18 68 9 49 51 81 
. 41 17 1 25 17.54 1 9L22 85 II 06 66 09 

. 11 12 I 79 9.42 1 87':47 45 5 15 47 20 

. 45 40 1.71 10.72 I 59'29,i7 7 29,61 44 


J. Brown-coal Briquettes 
Stempel “ FUrst Hismarek 
WOrM-Brikett C* Use, Bergb.-Act.Ales, 
In Gross-Easehen-Htmftenberg. ...... 

Wilrfei-Brlkett Hechenberg & Cie., 

Grube MarlenglOck, ... 

Stempel “ Eositz ”.. 

Gewerkschaft “ Rchwarzenfeld i 

Stempel “ Siegfried ”.... 

Zeche “ Waldau "...i 

K. Gas-coke 

" Consolidation ” (Ruhr)........... 

;* Rhein, Kibe imd Alma (Ruhr).__ 

Ewald ” (Ruhr).. 

“ Bonifadus ” (Ruhr)...' ‘ ‘ 

“ Camphausen ** (Saar)... ' ’ 

“ Heinitz (Saar). 

“ KOnigin Louise ” (Upper Silesia) ’ ’ ‘ ” [ 


, 18,76 1 66 21.27 0 26!29.!4 6 9161 95 

'49.11 4 48 24.07 0 I9i{6.47 5 28 78 25 

1 28.80 2 54 9.55 2 87 40 15 H 89 4 1 76 

^ 45.91 4.70 29.18 0 61 14 OOj 5.52 80.41 

2? 24 4 05 1.H 1 26 I 06= 7 26 91 68 

81 96 4,15 1,14 0 88 I 77 8.10 90 11 

80 85 4 45 4.82 1 19 I .76 6 91 9} n 

82 69 4 10 1,60 1 16 2.10 6,15 91 7% 

54 H 4 66 15,21 2 28 I 5,77 7.7l 76 50 

55.91 4 07 19.14 0 78 14,77 S, II 79,90 

51 74 4 24 18,57 t OO 18 95 5 50 75 %% 

51 71 4 1116.17 I 50,19 40 6 68 71 92 

51 66 4 58 11.59 1 58| 11.651 9 94176 41 

50,97 4 20 15.25 2 W 16.17 10.49 7i 94 


.85.18 0 70 4.04 0 871 |,79| 7 47^10 79 

82,91 1 00 2,60 1 41 I 79 10 17 87 94 

88,08 0 78 2 85 0 81’ 0 96' 6 5/91 52 

«6 « 0 54 2 Olio •«, 1 /V 2 , 4 | d 


' Dulong formula for oalwiIatiiiK Ucat-unlt* 
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CALORIFIC POWER OF FUELS 
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CALORIFIC POWER OF FCIOLS 


COLLIERY REFUSE 

R. S. Fernald, discussing*; l.lu' us(' of l()W-p:nid(‘ in Europe, 
gives in Technical Paper 123 of the II. W. Pur(‘au of Min(\s jinalyst^B 
and calorific values of colliery refuse^. Th(‘ r(‘fus(‘ <*ontuining 
shale and coal is crushed, mixed and washed aiid tlum us(h1 in 
gas producers. Sampkvs of ilu^ fiu'l mnv analyztal al- Bun^au 
of Mines with the results given in the accompanying table': 


ANALYSIS AND OALORIFK^ VALUE OF REFUSE FUEL 
Ah 'I’akkin from IL'mp 


Condition of 
Samples. 


Aa received.... 

Air-dry. 

Moiatiire-free. . 
Moisture- and 
ash-free. 


PiioxrMATK Anaryhih. 


6.99 

3.55 


18.37 

19.05 

19.75 

44 . 93 ! 


22.52 

23.35 

24.21 

55.07 


m.TlMATF AnaI^YHIH. 


52. I2;0.56| 
54.05 0.58| 
56.04,0.60 


.!'{ .16 


3. !7 29.71 0.7110 
2.87^10,81 0.74T1 
2.57‘ll ,97,0.761 8 


*?! 


UARoiurn* 

VAt.t*K. 


11 1 . 6^2814 
7I| ,.;29I8 

06, , „ i 10261 


5.85 72.71 U73;i8 11 


6884 


H 

tt 

5,065 

5,252 

5,447 

12,191 


Aw’Ku Wahiij n(i 


As received.... 

5 

86 

28 

75 

40 

79 

Air-dry. 

3 

25 

29 

55 

41 

92 

Moiature-freo. . 



30 

54 

43 

33 

Moisture- and 



aah-free. 



41 

34 

_ 

58 

66 

1 


tJ t I 114 41 L 


24.60 1 .1114.4U56 17jl 
25.2811 . l6;4.i2A7 7M 
26. nil .20'1 99 59.66:1 , 


lOjH 29J 
14 10 27^ . . 
18* 7.64: 


1.62 5.40 80.76 1.87,10 15 


i.„J i 


7|548i 

,j5615 

'5824 


7884 


9.869 

10,141 

10,481 

14,191 


LIONITE 

From an industrial standpoint lignite is of eonsiderahle impor¬ 
tance. It occurs in most countries, and is uscal in a grc'ai many 
for domestic and manufacturing purpow's. 

As a fuel it is inferior to coal, being kw distantly removcnl 
from woody fiber, and hence contains more hydrogen and, usually, 
considerable water. Most of tlie lattc'r, howevi'r, dries out on 
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oxpoHure io the uir. In some easels as imicli as 40 or 50 per cent 
of vvat(‘r is found in tla^ fn^shly inijied ligiiik', of which at times 
20 iK‘r (Had nauains wluai air-drital. Tliis greatly alTcH'ts its value 
as ru{4; still it is uscal in many of thc^ W(\stert( Stakes, and also 
in Mun»|H‘. In sonu' Muro|K*an localiti('S, when tlioroughly dried 
and (‘oinpr(‘SS(‘d into blocks, (‘spcaaally iri Italy a,nd Austria, it 
is nscal as fnc^I for producing gas and for (waporating, with good 
n'suHs. In Austria it is burned without any prc'paration, except 
drying in t-ht‘ air, f(»r laading Halt-pans, 

Tlu^ amount (»f ash varit's c‘xe(HHlingly, l)eing in some eases 
as low ns 0.0 p(T enud* and in otluu’s ns high as 58 p(a‘ cent. It 
even vark*H in the snme^ locality and in tlu^ sanu^ IhhI. In burning 
lignite^ them* is (*oiisiderabl(‘ loss in tia* waste gas(*H on acHHmnt of 
th(* Iarg(* (piantity c4 air intnaluccHl, and also from tlu^ moisture 
c*arri(Hi ofT frcuu tin* fu(4. 

The* lignitcH a! Western AuHaacii rescanlde the ^Maown coals 
(4* I*'iurop(* in holding a large* amount of wat(*r. The per(‘cniagc 
rnngc*H foan 4 to 20 \nr ecud, bcang from 12 to 15 per cent in most 
cas(\s. Tla* |H*rc«udng(* t^f asli is from 2 0 p(*r ceidr, while sul¬ 

phur is g(‘iH‘rally !h*1ow I per (Had, dVxas lignit(*s, aeeording to 
Hull(‘tin ISO of lh(» rniversity (4 lexas, range* from a few per cent 
(){ fix(*d earlton l(^ ntairly 45 p(*r (Had,and with from 30 per cent 
volatile* matte*r te^ more titan 75 pc*!* eemt. The following analyw*s 
slietw the* «*xtre‘me rniigi* of eetmpetsiliem and the average of fifteen 
mine* sample's: 


('oMeosrriox xxo ie\ncmiFU* vAurr: or* tkxah iac**Nrrr:H 


Aniiiiit e'li 
liuaklli’f e*n 
Av. «tf 1%. 


! 

1 






n:vA\ 


re'- \nh 


e. 

II. 

o. 

X. 

{H’r Lb. 

iijtf 1 







tlH 

i 

1 






llsitHHi. 

I 

/a t' PI II 

1/ #) 

1 1 

m / 

/ 7 

7 I 

1 4 

7419 

II a 4h a 

1 4. n» « 

0 ? 

14 1 

i 1 

It 1 

I 1 

6474 

ii ir m 4 

i 

f/ H ei 

1 

t 1 

40 1 

1 Oiti » 

1 

I 2 

7614 


B.T.e. 
|H'r Lt». 
C ’(iin- 

11,900 

I ni io 
H.no 


Another series of ‘J.'t wmipleH r(>ceiv(‘<l from mining companios 
gav<* mointure 7..‘{ to av. 2r».2; volatile matter 2l).3 to 45.0, 
av. 07.0; fixed earhon 21.1 to MS.!), av. 28.5; iikIi 4.8 to 0.1, av. 
H.H. B.'r.ll. JMT lt». a.s received 02!)l to 10,411, av. 7(501 B.T.U. 
IXT 11). 
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CALORIFIC POWER OF l^UEJ^S 


Brix published the following resulLs with dricnl lignite: 



Water Kvap- 

Per (’ent 


orattMl. 

Anh. 

Lignite of Aussig, Bohemia. 

. 5.8 lb. 

15.0 

“ “ Perleborg, Bohemia. 

. r).(> 

0.0 

“ “ Goldfuchs n. Frankfort. 

. 5.5 

O.l 

“ “ Rauen. 

. 5.4 

c.a 

Bunte used two kinds of lighitiC^ 

in boil(‘r“((‘s(s, 

and giv< 

the following results: 





(’liotliui. 

Calorics in steaiti. 

. 42.S 

49.2 

“ “ gases. 

. \{)A\ 

21 .0 

“ aqueous vapor. 

........ 9.2 

S.7 

“ ash. 

.. 9.0 

0.1 

unaccounted for. 

. 19.4 

15.0 


The grate used was a st(‘.p grate (Treppt'n-Host), 

The lignite used on th(‘. railways in Italy (‘(nitain(‘d If) pvr 
cent of water, and gave a yield of heat (Hpial to oiu'-half its wtnglii 
of coal 

Analogous to the lignites are certain shal(‘H or fossils carrying 
bitumen. They are sometimes ternunl boghead eanoel, 
schistj etc. They are distilled in some localitk*s for tab liut an* 
hot much used as fuel. 

Bunto determined the heat of combustion of a samph* from 
Australia, and analyzed one from B(a)t land. 

('arboii, Uydrogiui, O t N. C 

Boghead'shulo, Australia.... K:5.17 10.(M 0.70 OOM 

Scotch Boghead. 81.54 11.02 0.K4 

Scotch Boghead usually (‘.outains 18 (o 24 {mt cetil of ash. 
Prom its analysis as above, its heat of eombustiou should be 
near that of the other one given. 

Burning Lignites. (E. J. Bab(iock, IhdUiin 8U, U. »S'. liumiu of 
Mines.) Lignite is commonly burned with too high a iHTcentnge 
of moisture. As taken from the mine it usually contains more 
than 25 per cent moisture and should l)e seasoned and bi'oken 
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into lumps of unifonti sma,ll siz(^ ix^fore bein^ put on the market. 
If tbis is doiu' Ix'fon^ tlu' li^nik' is allowed to dry the loss in slack 
is much nxluccxL A scab's of a,nalyses (,o (k^U'rmiiu^ the effect of 
wc'atlu'rin^’ showc'd (bat at t he (‘ud of a, M-diiy period tlu^ moisture 
ha>d Ixx'u n'ducc'd from dd.f) to 12.52 pc'r cc'iit,; volatile' matter 
had inen'asc'd U> from 25.5 a.nd hxixl carbon had increased 

to tthOn from 25 pc'i* ec'ul. 

Thi' propc'i* combustion of lig;nitt' dc'pc'uds on ilu^ size of the 
lumps, its structure' Ix'inii; siu'h as to |i;iv(' abundant, a,ir surfacx'. 
In addition tlu' draft should lx* {‘asily controlk'd a,nd capable of 
Ix'iuK elosc'ly shut down wlu'ii it is (k'sinxl to hold the fire at a 
H'lativc'ly low lu'at. The hrc' box should Ix^ reasonably well 
filknl, Imt ftriiifi; slamld Ix' done' fre(|U('ntly by th(^ applicaition of 
thin layc'TS of fut'l. ('liidi('r and ash should not Ix' atlowexl to 
ac(unnulat(‘. 

Producer Gas from Lignite. Pnxlucc'r ga.s mack' from North 
Dakota lignite' during the' Wcxbrs Fair at St. Louis in a nuxlel 
produex'r gas plant opi'rate*d by the (Sove'rnnu'nt showed most 
satisfaehory results. 

dlic' table' Ix're'with shenvs the' (‘omposition and enlorifK* value' 
of pnxluci'r gas mack' from sevc*ral different grades of lignites: 

c'euMrosrnox wo t'\neuune' \ ma k of lacsNn'K I'ueuu'CK.u oas 
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1 

\»t| Ih 1 liikrlst ; 
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tt c»x 


U Mi 

, Hi 11 

CXI ^ 

/a xa i 
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j 17 4a 
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14 11 ‘ 


H) "»4 

i n (iS 

can ,. 

4 ' 
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*0 lO 


*Mt iC 

* 5W)I 

11 a* e {Bi «nt«ir f««»f 

no t 


\m 7 

1 I4X ei 

of 1 Wf*iity-fiv« 

' repri'Himtative 

lignite's 

inebiding those 


from N'otih Dukttia, Mtiiilniui. (‘okinulo atiil 'Fcxiih worn iiuulo 
Ii.V till- rnilcil Slali'K Bunaiu of Mirtca ami almwad a yield of 
utijairilicd Kaw raiigiliK fntm l.'k'idT rti.fl. to T.S'i.'i cu.ft. ikt ton 
of air-dn«al liftnito. 'I’lif i-aloiitic value of tlic gas ranged from 
4H7 !<• 2Kr) B.T.r. |«‘r c-iihic fi«d. Tlif averago of the twonly- 
fivc tests was a yii-ld of 11,(«K rn.ft. of gas iM*r ton of air-dried 
iigiiite and a ealtirilir valiit* of dlW B/IM'. jkt eniiic foetf. 
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CALORll'lC I'OVVl'Al OK l''UliLS 
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PKAT 

Peat m partly decoinposcxl, a-ud disintop:rated vegetable matter 
that has a(aninuilat(*d in any places where the ordinary decay or 
decomposition of any mat,(‘rial ha,s hc'cm itiore or Ic^ss suspended, 
althougli the form aiul a considerable part of th(^ plant structure 
are mon^ or l(‘ss d(‘si,roy(‘d. It, is fornuMl by the agglomeration of 
verged,able (U^hris, a,mi r<‘t,ains a larger amount of waten*, which will not 
separate without. h(‘a,t. Its (‘.omposition vari(\s but- little from that 
of wood, tlie principal dilT(‘nmc.(^ b(‘ing l{‘ss oxygcai and more carbon. 

The composition may be r(‘pr(‘sent(‘d I)y“ - 


darbon. . 60 

IIydrog(‘n... .. (> 

()xygc‘n and nil r )gi'n. . ... .. 34 


100 


Th(‘ h(‘at of combustion is low(‘r than that of (nal or lignite, 
as might b(‘ c‘xp(‘ch‘d. Th(‘ (pianlity of hydrogem excecals that 
neenssary to form wad(‘r witli th(‘ oxygem. 

It is usually drical b(‘for(‘. using, and wh(‘n dry bcaamms quite 
porous. It cnrri(‘K, how(‘V(*r, in this slate some 10 to 15 p(‘r cent 
of wat(‘r, which (*nii b(‘ exp(‘Ilt‘d only by artificial means. Large 
(juantitit‘s of it nn‘ conv(‘rt(‘d into char<*c)al in special kilns, and, 
wht‘r(‘ the large' amount (d ash is no ohjcMdion, it makers a good 
fiuL It (‘armot b(‘ uh(h 1 for mcdallurgical purpoH(*s on a(;eoimt of 
its friability. Fnan 30 to 40 pea* c(*nt of its wt‘igliit is left in tlie 
charcoal as carbon, but at. thc‘ Hamt‘ time the ash increases to 
If) to 25 p(*r cent, and (warn mor(‘. This consists priruapally of 
phospIiatcH and sulplmtc's, witli vtry littk' carbonates; hence it is 
not as apt to clinkm* as otlica* fmd asluu 

Th(‘ (‘ahaafh* valiu* <»f a. givcm fw'at sample in teniis of thewed.- 
ically dry pent may tn* approximatedy rt‘ducc‘d to that of any desired 
water eontcaii tad Wi‘cm 0 and 30 pt‘r caad. by dcalmding I cent 
from th(' f la‘ortdi«*al value for eatdi 7 pc'r (amt of moisture present. 
Thermal valut‘ of dihal pimt, cam Ik‘ d<dermini‘d from the thermal 
value' of ptati with a givcm |K‘rc(‘iitagc‘ of moisture! by the formula: 


Calorifu' Value ns analyzc'd ^ 
100'"% of ILfO found by analysis^ 
un‘«fri*(‘ pcait. 


l(K) = (/alorific value of inoist- 
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CALORIFIC POWER OF FUELS 


Bulletin 16, U. S. Bureati of Miruvs, prcHciils ii (able giving tlui 
calorific value of the conunon typcw of ftufi as (‘oiii[)a.nHl wiili 
several varieties of air-dried peat. This tahhi is (■oi)d('ns('d below: 

EELATIVE VALUE OF I'EAT AND OTIIEIi FUELS 
Tyi)C of I’liol. 

Graphitic anthracite from Chaibston, U. I 

St. Nicholas, Pa. 

Semi~arithracit(‘, Spadra, Ark. 

Semi-hituinirioiiH, lOnnis, W. Va. 

Pittsburj^h bituiniiioiiH, Ck)nnellHviU(% Pa. 

Lifrnite, OLsen, Texas. 

Brown peat, Fremont, N. H. 

Light brown fibrous pt'at, Hochibsti'r, N. II 
Dark brown fibrous peat, Wt‘Htport, Goiui 

Brown fibrous peat, (hcero, N. Y. 

Brown fibrous peat, LaMartim*, Win. 

Salt marsh peat, KittiTy, M(‘. 

Brown sandy peat, Kent, (!onn. 

Black peat, New York Stale. 

TThc characteristics detc'nuining the fucd vuhu' of pc'at- nn' llu' 
ash and water content, degrc'c of dc'coinposil.ioii, <I('iisi(y and color. 
The heating value diminishes nearly in proportion to tlu' (pian- 
tity of ash and moisture present. In g('neral, tiiu'r-graiiusl com¬ 
pact, dark-colored peats are better than those of coars<‘, librous 
or woody texture. 

Freshly dug peat from undrained (h'posits may contain as 
high as 90 per cent water and !us low as 8 p('r e('nt curbona<'<>ous 
materials, together with a highly variabl<! percentag<' of ash. 
Freshly dug wet peat Inis such low luniting vahu' that it must lu* 
partially dried before it can Ik* burned. Perfectly dri(‘d peal of 
good quality can be burm'.d in a large combustion chamber with 
ample draft to develop a temperature of about, 40(K) deg. Kahr. 

The water content of air-dried peat will vary consiiterably 
according to the season. The lowest limit of moistun* in the 
central part of the United States will probably Ik* at least K iM*r 
cent; while on the New England coast it will rangi* in tlu* neigh¬ 
borhood of 25 per cent. 

Peat of the heavier and dimsi^r qualities freshly cut from 
vndrainod beds weighs from 70 to 75 lb. ikt cubic' foot. while 
continued drying in sun and wind will decrease its weight, to from 
8 to 25 per cent of the original cpiantity. During tlu* drying, the 
peat may shrink to 'A of it original hulk. 
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Th(' f(>ll()wiTi|»; table shows the effect of the moisture and ash 
on good and poor peai.s: 


Ash, 

Wat(‘.r, 

(hilorihc Vahi(\ 

Ih'f (hsii. 

!h‘r (hsit. 

I)(‘r LI)., B.T.ll. 

Fns* 

er(M‘ 

(0,726 

4 


10,297 

4 

11 

9,11 7 

4 

15 

8,68« 

4 

25 

7,615 

4 

U) 

7,079 

4 

50 

4,914 

10 


9,651 

20 


8,581 

to 

15 

8,045 

U) 

20 

7,508 

iO 

15 

6,971 

20 

20 

6,416 


Th(^ tabl(‘ on pag(‘ 113 givc\s Ihc^ analysis and ealorific values 
of various fonsgn pcads. 

Brix obtniiHHl with pcxit aii cwaiporativc^ power of 5.11 lb. of 
water. '‘rh(‘ peat uscsl was from Flatow, a.nd eontaiiuHl 10.7 per 
(’(‘lit of ash. Anotlu’r, from Buehh’hbNcnilangc'n, eoniained 1.2 
p(‘r (’(‘lit of ash, and gav(‘ 5.12 lb. (‘vaporation. Noury, using a 
speeial grat(% olilaiiu’d from tlu‘ Alsaee p(‘atH4 tu 5 lb. evaporation 
{ashc‘s d(‘duet('d). 

Hunte analyzed th(‘ gases produ(‘ed by the eomluistion of 
plant on tlu* hianrth of a salt-pan, and found: (‘arbonie acid 13, 
oxygen fi.J, nitrogini HOJK 

(’rookc’.H and Hohrig, in tlunr “ Aletallurgy,'’ say “ One pound 
of dry turf will i‘vaporal(‘ 0 lb. of water. Now in I lb. of turf, 
as usually found, thcni' arc* lb. of dry turf and ^ .j lb. of water, 
'riu*‘Oi lb. can (‘vapornti* 4| lln of wnteny but out of this it must 
first evaporate the* lb. of walcn* containeni in its mass, and hence 
ttie watc’r bt»ilc*d away hy suc’li turf nnluc’C'S to 41 11). The yitdcl 
iH hcn’c redu(’(‘d 3t) pc*r ccnil, a proportion wlucli makes all the 
difTinnnicc* bc^twccni a good fu(*l and one* almost unfit for use. 
When turf is dried in the air unden' c’ovct it still retains Vio of its 
weiglit of water, whicli rcducc'S its calorific* power 12 per cent; 
I lb. of Hiich turf (*vaporati‘H 5| lb. of wniter. 

It is evidenit from tfie above tabic that hut little* apprccnable 
cliangt* lias Imcn maclt* in the ht*at value liy the difTc*rcnt kinds 
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of treatment and therefore, ext^ept for tlu^ p:r(^ai.er compac^tncHs 
and hardness obtained the cost, of l)ri(iu(‘tin^’ is not. justituMl. 

Peat Coke. Coke has been nuuk^ from pc^al. ''FIh' h(‘st 
peat coke is black and has a luster of jcd,. It is liard and (‘ompact 
but retains the original structure of itiacH'ratcai p(‘at. Tlu^ jiKir- 
centages of sulphur and phosphorus a.r(‘ usually low and vvitli 
good peat the ash content is also low. Ik^at- (‘okc^ will givt‘ a 
temperature of about 4300 ck'g. Fahr. wlum hunuHl umler propca- 
conditions. This is about the same t('mp(*ratur(‘ that can bt^ 
obtained with good dry coal. Th(‘ (‘alorifie valu{‘ of pc*at coke* 
ranges from 12,000 to 14,000 B.T.U. per pound. 

Preparation of Peat Peat is us(‘d in botli dust and bri(pu4(nl 
form. Peat that is reduced to a pow(k‘r(*d form has a larger pm*- 
centage of volatile matter than coal, burns with a hot flnnu' and 
is well adapted for use in ])()wd(‘r burners. It also ignit(‘s at a 
lower temperature than (‘oal. 

Briqueted peat is ck^an, (‘ompa(*t and dens(\ d'he bric|U(‘lH 
occupy less space aud are more cMisily stored than tin* samc^ weight 
of peat in any other form. Tlu\y burn lc‘ss rapidly tlian end or 
machine peat and hence give k\ss trouble* in firing tluui do othen' 
kinds of peat find. 

They, however, will crumble wlie‘nc*ve‘r handleni ami are* dis« 
integrated by exposure to moisture*. Fxpe‘rimends made* on |M*at 
from the deposit at Black Lake*, N. Y., to sliow tin* eflVrt on 
the heating value of the me*theHl of pn*paralion gave* fla* re*Hults 
indicated in the following talele*: 


EFFECT OF MKTUe)!) OF PUKFAIfAine»N eiF FKAT 


Cliaracter of Fuel. 

Mois¬ 

ture. 

Raw peat: 

Air-dried. 


Moisture-free. 

Machine peat: 

Air-dried. 

8.66 

Moisture-free.. 

Drj^powder for briquetlnflf; 

9.33 

Moisture-free. 

Briqueted steam dried peat 
Air-dried. 

7.37 

Moisture-free. 

8.0 


Volii 

till' 

Matli'r. 


«) n 

55 jj 

49 as 
54 97 

52.01 

56.17 

52. to 

56 7i 


Fixt'il 


Ih 79 
26 04 


21 15 
25.77 


22 74 
24.51 


12 44 
24 10 


Aiih, 


Sui 

phut, 


III 

\ %t.i 


I'III 
iillrri 


II 1 I 


16 6t 
IB to 

17 47 

10.ill 

17 »6 

to 10 


0 00 
t Off 


0 m 
0 m 


0 Oft 
t 01 


4 I 79 
4576 


4m % 
447i 


41112 

44i« 


?5li 

Hill 


7 pm 

mni) 


fim 
797 \ 


17 17 

t« m 


t 16 

f 27 


4101 

455/ 


7147 

«20l 
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(^ALOHIFIC VALUE AND ANAXjYHES OF PEAT 
(Iiu!l(‘iin No. 10, U. S. Hurcuiu of MincH, 11)11) 


PuOXIMATI'! AnALYHIH. 


CUlomfic 

Value. 



Volatih' 

'oNNKO'rO'UT: 

('ouiity .. 

.. ., 61 

.70 

l'’airlU*l<l ('ounty .. 

. . . . 24 

,7a 

LUc’hfloId (\mti( y ...... . 

S6 

.18 

Lltchti<‘l<l ('ounty 

16 

.80 

M hldh'HoK ('ounty....... 

61 

00 

MiddU'Hcs < 'ounty... 

16 

.17 

Now Ilavon (‘ounty .... 

7% 

. 11 

Ni'W 1 In von ('ounty . . . 

to 

44 

Now Loinhui ('ounty . , . 

61 

17 

Now' l/ondou ('ounty . . , , 

12 

, 14 

WIndluitn (‘ounty ...... 

SB 

61 

Windham < ‘ounty ....... 


11 

'LOHIUA : 

(‘itrtiH t ‘<mnty .......... 

60 

t? 

I )ado County.. 

1 1 

42 

Dadti t’mnity . . . 

‘16 

H 

Do H<»to c 'ounty,. , , , , , 

56 

76 

Duval County 

27 

. 10 

Duval ('(umty , . . . . 

4B 

44 

Horiuunio < 'ounty , . , .. 

56 

41 

Horntuido (‘ounty . . 

2t 

55 

Lakt' C 'ounty .. 

67 

80 

hako (‘ounty . . 

51 

61 

Loon <'ounty . . 

61 

07 

Loon Coutdy . . 

65 

26 

Polk C'otffdy 

61 

57 

Polk (kuuity 

IH 

26 

PtitniMu t ’ounl.\ 

52 

80 

Putnam County 

50 

57 

Hanta Hona Countv. . 

20 

44 

Hanta Pohii, Coutdy. , 

1 1 , 

45 

1 A1N V, 



AtulroHomtidn i 'tnmty 

60, 

22 

AtidroMooKidn < ‘oitiity 
Aroof<took t‘ounty, 
ArooHtook County , . 

(‘unitiorland c ‘ontdy 

61 

67’ 

< 'umbosliiml < 'mmty . 

60 

II 

Htusoook <‘ounty , , 

5H 

61 

Hanoork County 
Kotmoliook Cotiidy . 

61 

t t 

Konni'hook Cminty 

Knojc County , . 

66 

li 

Ktios Coutdy . 

Oxford t 'outd> . . 

i 57 

66’ 

DxfonJ Cottfdy 

1 56 

84 

PonoliMotd t ‘ousdy 

61 

06 


Hmist’Wui ftmuty, 

M A f K' 

Wn?4hifii?ti»ii i •oiiinpv 

York 

Ytifk Uouftty . 


D 

41 

28 

86 

14 

88 

11 

66' 

26 

74 

11 

61 

t6 

1 1 

11 

it 



* Wliort' mori' timn oiso tttiiilyfiD from a c*otuUy in irlvinu In tin* orlirlnal tiibln, 
thi' pi'iitri Mlnmiiiif til*-* nijiiiftniifi iitnl iiilnliniitii hHiUnn vtilui* liiivu iH^ni HulorttHl for 
thl^ tiibli' T\w ttriKlfiitl glvm viilnr.fi hImi of tlir raw rontiUalniy moiiituro. 
Tho vaUii*fi fttonr arr for iiioi?«inro'-frro iwal. 
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CALORIFIC VALUE AND ANALYSES OF PEAT— 


Location. 


MASSACHTJflTQTTS I 

Essex Countv. 

Hampshire Goiinty. . 
Hampshire County. . 
Middlesex County.. , 

Michigan: 

Allegan County. 

Kalamazoo County.. 
Kalamazoo County.. 
Livingston County. . 
Monroe County.. .. > 

New HAMPSirntE' 
Rockingham (bounty. 
Rockingham County. 
StrafTord Cmunty.... 
Strafford County.... 


New Youk: 

Essex County.. 

Franklin (lounty.... 

Franklin County. 

Livingston County. . . 

Madison County. 

Onondaga County .. .. 
Onondaga County .. .. 

Orleans ('ounty. 

Orleans County. 

Oswego (-ounty. 

Oswego County. 

St. Lawrence C'-ounty. 
St. Lawrence County. 
Steuben County. 


Nobth Cakouna: 
Pasquotank County. . 

Wiroonrin: 

Ashland County. 

Chippewa County. .. , 

Dane County. 

Dane County. 

Door County. 

Fond du Lac County. 
Fond du Lac County. 

Iron County. 

Kewaimc^e County... . 
Kewaunee County.. . . 

Longlade County. 

Xdncoln County. 

Manitowoc County,. . 
Manitowoc Cmunty.. . 
Marinette County.. .. 
Marinette County .. .. 

Oconto County. 

Oconto County. 

Oneida (^oimty. 

Price County. 

Rusk County. 

Sawyer County. 

Sawyer County. 

Sheboygan County... 

Vilas County. 

Vilas County. 

Waupaca County. 

Waupaca County. 


Proximate Analysts. 


Volatile 


58.79 

57.04 

57.51 

54.13 


42.54 
60.77 

57.54 
65.00 
60.40 


62.02 

31.00 

66.74 

49.70 


64.94 

67.10 
49.67 
60.37 

60.44 

64.14 
26.25 
58.49 

56.94 

64.29 

33.99 

55.77 
56. 17 

49.91 


51.80 


61 .IS 

57.99 
54.93 
21.69 
60. IS 

51.4S 
57.98 

56.76 
59.2S 
41 .65 
46.6! 
55.90 

56.13 

52.42 
55.75 
45.60 
61.38 

59.15 

62.77 
44.59 

56.16 
56.54 

55.40 

61.28 
63.44 

54.41 

58.29 

59.21 


Fixed 

Carbon. 


29.65 

34.61 

33.72 

30.69 


18.03 

32.22 

28.07 

28.74 

29.75 


29.5! 

14.24 

28.67 

23.49 


31.90 

28.99 

14.99 
25.00 

27.40 

27.17 

10.46 

24.21 
12.58 
27.44 

18.78 
26.04 

24,51 
23.6! 


28.03 


27.02 

27.59 

27.60 
. 5,91 
17,00 
27.93 
24.72 

27.10 

25.92 

16.42 

21.10 

21.31 

22.99 

17,13 

25.52 
19 71 
28 26 
27 68 

27.71 

19.74 
21 82 

27.92 

21.74 

25,28 
25 39 

19.72 
25 10 
14 60 


Ash. 


11.56 
8.35 
8.77 

15.10 


39.41 

7.01 

14.19 

6.26 

9.85 


0.47 

54.76 

4.59 

26.01 


1.16 

1.91 

15.14 

11 . 0 ! 

12.16 

0.69 

61.29 

17.10 

10.40 
0.27 

47.21 
10. 19 

19.10 

26.40 


19.29 


11.81 

14.42 
17 47 

70.40 
22 05 
18.62 

17.30 

16.14 

14,81 
41 .91 

12.29 

22.79 
20 80 
10 25 

10 73 
34,69 

0.36 

13.17 

9.52 

15,67 
22.02 
15 54 
22 86 

11 44 

11.17 
25.87 
16.S3 
26 17 


(Ul.OIUFK’ 

VALirE. 


(UiloricH, 


5079 

5171 

5126 

4813 


3247 

5570 

5077 

5306 

5086 


5511 

2248 

5711 

4225 


5604 

5726 

1675 

4600 

4148 

4927 

1951 

4542 

3067 

5029 

2750 

4576 

4428 

4021 


4501 


5081 

4947 

4912 

1449 

4108 

4607 

4527 

4514 

4448 

3270 

1532 

4471 

4126 

1677 

4151 

3519 

5109 

4140 

5217 

1640 

4418 

4867 

4460 

4861 

1198 

4213 

4545 

4147 


B.T.C. 


9,142 

9,308 

9.227 

8,663 


5.845 
10,026 
9,1 39 
9.551 

9,155 


9,920 

4,046 

10,280 

7,605 


10,087 
10,107 
6,615 
8,280 
7,826 
8,869 
3,515 
8,1 76 
5.521 
9,052 
4,950 
8,217 
7,971 
7,241 


8,249 


9,146 

8,905 

8,842 

2,608 

7.898 

8.291 

8,149 

8.(61 

8,006 

5,086 

6,158 

8,011 

7J87 

6,619 

7.815 

6,114 

9,196 

7.812 

9/191 

6.552 

7,952 

aj6l 

8.028 

8,753 

9,156 

7,581 

8.181 

7.465 
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m o rs. m fA 

^ O fM 

** 'T sO rx 

».A 1)6 r-I <> \0 


‘Hajioiit, H A4 


V}| 


UHjti|n>j a. 

|»U« m 


j j| 


Irdtrid .drji.......................... .. 59.00 600 30.00 4.00 ..... 5700 10.260 Bert helot and Petit 
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CALORIFIC POWER OF I'lIKLS 


COKE 


Coke is generally obtained from three sources; by tlu' (h'slnic- 
tive distillation of gas-(;oal, in gas-r(d.orts; by tIl<^ <lest.ni(^(iv(! 
distillation of gas or ordinary l)iiuniin()us coal, in sp(;(:ial ovcnis 
of the beehive or by-product type; from pei.roh'um, being nnuhi 
by carrying the distillation of tiu'. n'siduum (o a n'd heat. 

Coke from gas-works is usually softer and mon; porous than 
the other kinds, burns more readily, but. do('s not giv<^ as inf,(‘ns(i 
a heat. It has had conaidca-able usc^ for doin('sfi<‘. luading, and 
in factories where a high heat is not lUHsU'd but, wla-re a sinokc'h'ss 
fuel is desirable. The oven coke is usually in large' columnar 
masses of a close texture and (iuit(! hard. It has a dead gray- 
black color and is not susceeptible of i>olish. It. is principally 
used in furnaces requiring a blast,, although limite'd (plantities 
of it have been used in domestie! heat.ing, for which puriiose it must, 
be broken up imuih finer than its usual size'. Petroleum coke is 
generally in large irregular lumps, p(‘rforal('d with cavities of 
greater or less size, the intciriors of which ane usually (piite smooth 
and shining. Its color is blacker than that of gas or oven cok(', 
and its hardness intermediate. It is used jiriucipally for making 
electric carbons, although considc'rabk- (piantities are used for fiu'l. 

With the exception of gas-cok(' little iwe is made of this fuel for 
steaming. In all cases jik'nly of air is neeik'd to ket'p up the com¬ 
bustion, which is also a drawback for stc'uming purpose's. Kor 
metallurgical funnuics, however, it is almost, t la* ideal fuel, giving an 
intense reducing heat at just the jiart of the furnace' where' it is 
most needed. Oven coke has hes'ii use'd in cupolas and blast fur¬ 
naces for years. It is superior to anthracite', as it. has no tende'iie'y 
to splinter and crack with thee heeat, and be'ars its hurde'ii vc'ry well. 

Coke is essentially eearhon, and thee mineral portions of the' 
coal from which it is made. It iilso eontains small eptaulitie'S of 
hydrogen and nitrogem. The pereuenlage' of the'se', howe've'r, is so 
low that the calculated and oliseerve'd Iwat-imits are' eisually within 
the limits of error shown in thee following table': 


Name. 

C. 

IL 

Saarbruck. 

98.04 

0.73 

Petroleum coke.. 

98.05 

0.50 

Graphite. 

98.98 

0.02 


L()«h. 


CidorioH 

(dwprviHi. 






1.20 am? 


»ISI 

«0S4 


Mahlw 
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“S to 3 . ‘A m 

2 Si "S H 


:i • 

4 . t ’ a t"* 


e Hi y m L 

|<D 


Kenttcet: * i I I f I I i 

As recelred.. . 2.4^ 6,25^ 3KI8 i 60.11 ' 0.43 { 13.885 | 12.43 f 10.09! 0.92 76.56 0.36 11,210 

Dry -. . ...... 6 41 ; 31.97 i 61.62 0.44 : 14.234 . 5 1 1.52 5 1.05 87.43 0.41 12,802 
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CALORIFIC POWER OF FUELS 
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CALOIUFIC POWER OF FUELS 
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CALOEIFIC POWER OF FUEI^S 


COKE BREEZE 

Coke breeze has been used in I'kifilaiul as a gas producer fu(>l 
for making gas in firing brick kilns, c.oko ran about 10 per 

cent ash, and in size was about as follows: t.hrougli ’A-in. nu'sh, 
40 per cent; between Vz and 'A : bc(w('('n '/.i and 

Vs, in. 14 per cent; less than Vs im, 27 p('r c(nit. 

The accompanying table gives the analysis and calorific value 
of the coke breeze as determined by the U. H. Bun'au of Miin's 
and reported in Technical Paper 123. 


ANALYSIS AND OALORIKIC. VAWrK OF ('OKK UUEFZF, 


PllOXIMATK 

Analyhih. 


ri/riMATK ! j i'xt.itnthiv 

ANAL'iHlH. I VaMT.. 


Condition 
of SanipU‘. 

Moisture. 

Volatile 

Alatter. 

Fixed 

Carbon. 


As received ... 

10.77 

4.92 

72.26 

12.05 

Air dried. 

0.73 

5.47 

80,40 

13.40 

Moisture free. 


5.51 

80.99 

13.50 

Moisture and 





ash free.... 


6.37 

93.63 










I, 


m 


U 

H 


0.7«) 

.88 

.89 


'2.37 

( .39 

|l .31 


71.16 0.92: 
81.39 1 A)l\ 
81.99 1 .OJ 


10.71 10 I 

I .91 . . 
1.28 ... 


:6200 

689 ? 

6948 


11,160 

12,414 

I2,S06 


1.03 


1.51 


194.79 


1 19 


I .48 


80 14,459 


WOOD (’IIAIU’OAL 

Wood charcoal, made by tlu^ ck'Htriictivc' (listillation of wood, 
always contains quantities of hydroearl ions whieli havc^ r<‘HiHtc‘d 
the action of heat. So-called for(‘st eliareoal, iiuulc* by ImrninK 
wood in heaps, contains more hydrocarbons than eburtnial inatk* 
by distilling wood in retorts. 

The heat of combustion of ehar(*()al is (piite variable*. A<*ecn*<b 
ing to Berthicr*'* commercial wood ehart‘oal c*onlainH 10 |)<*r etnii 
of volatile matters and 2 per cent of ash (carbon HO to iW), hy¬ 
drogen 1.5”4). 

Pure wood charcoal was first Ousted tidorimtdric^ally by Favre 
and Silbermann, and since them by sevc^ral t*xfM‘rinH*nterH. 
obtain it pure it was calcined strongly and trc*ate<l with ehloriia* 
to remove all traces of hydrogen. In this state wootl-ehare<ml 
produces under constant pressure 8080 (*aloric*H, ac^c^orcling to Favre 
and Silbermann; with constant volume Bertludot and Petit ob¬ 
tained 8137 calories. 

* Tmit6 dcB easais par la voia steha, VoL I, P* 
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Several years ap;o R(‘rthi(U’ pointed out that half-burned char¬ 
coal, charbon roux or lioihkohle, was superior in combustible con- 
t(uit to that p('rf('C‘t]y bunuHl. Sauvage has confirined this, and 
gives t.he following results: 


100 !J). of VVo()<l 
cliarn^d for. . . | 

^ IIonrH. 

4 UourH. 

5 UonrH. 

53 .j UonrH. 

6i/^ Honrs. 

Mound 

Charcoal. 

.. 

O').4 ll>. 

lb. 

47.0 lb. 

41.5 lb. 

39.1 lb. 

17.2 lb. 

100 (‘U.ft. nuMiHurod 

86 (Ml.ft. 

76 (’U.ft. 

S« (Ml.ft. 

55 (Mi.ft. 

52 (Mi.ft. 

33 cn.ft. 


and I (‘U. ftu wood eontniiuHl of eoniibustible matter 908 parts. 


I eu. ft. 8 I\ours' heating 883 

1 (UL ft.. 4 904 

leu. ft. 5 1133 

leu. ft.ni “ 1091 

leu. ft. 0.1 ‘‘ 1130 

I (‘U. ft. ehar(u>al 1009 


The amount of c’oiubustihk* matter do(\s not increase after 
5 hours' luxating, and a eontinuama^ of th(' lieat beyond that period 
(liminisluNS it. 

'Tlu^ principal us<^ of ehar<-oal is in iron blast-furnaces, where 
it has b(M*n uschI for yt'ars, and produces t!u' highest grades of 
iron, b(ing fr(‘c‘ from sulplmr and phospliorus. The amount of 
iron produei‘d by nutans c4 it, howc^ver, is insignifitamt in com- 
parison with tlu* amount produced in c‘oke blast-furnaces. A small 
amotmt is ustal in private dwellings and liotc^s for heating and 
eo(»king. For boiba-licading it has btnai us(al only experimentally. 

Seheurer-K(‘Hlner and Mtnmicu’-Dollfus (‘xperinuuited with it 
in bcaler-lu^aling and bamd veuy lit tit' taanbustibk' gas in the 
tlu' produt'tH. Ik‘(H*h t'hareonl was ustal, a!ai an evaporative 
t'fTt'et of 7,02 lb. of wati*r was obtained. The waste' gases con¬ 
tained: 

Far Cant. 


Carbon dioxitle........................... 11,10 

Carlion imuH^xidt'.. .. 0.37 

C bxygtui... .... ........................ 8.72 

Nitrogen............................ 79.75 


100.00 
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CALOIUFIC POWI^]R OF FUELS 


Brix, using wood and peat charcoal, obtairual the following 
results: 

Wood charcoal. 7.55 11). evaporated. 

Peat charcoal.5.85 

Schwackhofer burned charcoal from hard arid soft wood in 
his calorimeter and obtained (constant volunud 7MO ealori(\s for 
the soft charcoal and 7071 calories for the hard, d'hc^ (tliarcoal 
in both cases was the ordinary unpurifitul (‘han^oal as sold. 

WOOD 

Wood consists of a compact t issuer moi'c^ or l(‘ss hard, foimunl 
of cellulose and a so-called incrusting substaiuH'. Wood contains 
besides, small quantities of mineral mattc'r and hygroscopic; waUa* 
varying from 30 to 50 per vxnii, accHii^ding to di’yn(\ss. Air-drical 
it contains about 20 per cemt of water, whic^h it. giv(‘H up (‘asily 
on exposure to a heat of 240 deg. Ealir, 

The following table by bhigcau^ ('lawandun* givess the (‘om- 
position of different varkdic's of wood: 

ANALYSIS OF WOODS 


WoodB. 

(larhoii. 

Hydrogen. 

Oyicgcn. 

Nitroi;co. 

Anil, 


Ptjr (Unit. 

Per (U»nt. 

Per (Vnt. 

lU'f ('cot. 

Per cUnit. 

Beech. 

49.16 

6.01 

42.69 

0 91 

1 06 

Oak.. 

49.64 

5.92 

41,16 

1 29 

1 .97 

Birch.. 

50.20 

6.20 

41 61 

1 15 

o.ai 

Poplar... 

49.17 

6.21 

41.60 

0 96 

1 .66 

Willow. 

49.96 

5.96 

19,56 

0 96 

1.17 

Average. 

49.70 

6.06 

41.10 

1 05 

i 

1 60 


Regarding wood from its ultimate; (*omposition, wc; may (‘on- 
sider it as a hydrate of carbon, that is, as carbon unitiHl to watm’, 
the proportion of hydrogen and oxygem btang luitrly tin* same* as 
in water. But regarded from its proximate; compoKition, it is 
entirely different. What has b(‘<m said of soft. c‘oal c*an be n^pc^atcnl 
for wood; that, those having a similar ultimate (aanposition 
behave differently in distillation in a eloscxl redort and |)roduc‘c; 
very different proportions of carbon (as cliarcoal), hydrocarbons, 
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liquid or gjiHcous, ju'id produc'is, resin, and tar. The heat of 
combustion difTc'rs also. 

Hard wood givcss l(\ss lu^at than soft wood. According to 
(lotilieb's exp(Tim('ni,s, pine-wood has a heat* valium of r)()()() calories 
whiles oal< gav(^ only 4(>20 ealorievs. Mahha^’s (^xpca’inuaits con¬ 
firm a dirfenmcc'. in favor of ])in(‘, lait in less proportion. 

Two d(‘t(a*minaii()ns made by Mahler an^ (cinders and water 


deducted): 

Fir, Oak. 

(•arbon. 51.08 50.43 

Hydrogem. (>.12 5.88 

Oxygen witli tracts of nilrogtm. ‘12.00 43,09 

100.00 100.00 

Heat of combustion... 4828 4()89 


(fottli(i) obtaiiu'd tlu‘ following ligures, using a (‘alorimeter of 
constant pr(^HHur(% in whi(‘h hc‘ burtual 2 grams of wood in the space 
of (wo or (hn^e nunu((‘s. composition of the gas produced 

was not- d(‘t(‘rmin(‘d; he* was satislical that had pcai’ect combus¬ 
tion, and his ligunNS do not- app(‘a.r veay far from tlie truth. For 
(*ellulos(‘. h(‘ obtaiiual 4155 calori(‘H. 


<a)TTLIKB‘S OKTKUMIN ATION OK (*AI.OUlKI<’ KOWKH OF WOOD 


W<hhI, 

t •. 

B, 

N. 

O, 

Af^li. 

('ulorinH. 

B.T.IT 

Ouk .......... 

^0. 16 

6 C)i 

0 06 

41 16 

0. %7 

4620 

aii6 

AhIk . ......... 

4*> l« 

t» 27 

C) 07 

41 61 

0.57 

4711 

8400 

Klin ... .. 

4a.<a> 

i* 20 

0,06 

44.25 

0.50 

472a 

8510 

UlHHil. ........ 

4 *>.(>6 

6, n 

0.06 

44.17 

0.57 

4774 

8561 

Bin-h .... . . 

4H.«a 

0. 06 

0, B) 

44.67 

0.26 

4771 

8586 

Fir. . .... , . . 


. 02 

0 0% 

4 $. 46 

0 aa 

5015 

6061 

eiru'. ..... . 

n 

6 id 

0 04 

41.0« 

0 17 

50a5 

9153 


(}ottlicl>\s results an^ 59 calorics 1(\sh than Mahler^n for oak 
and 297 more for hr. 

The relafivt* licating value* of coal and wood is shown l>y the 
tal>le Ixiow which is C|Uotcd in a numhcT of tc*xt4>ooka. The 
autliority and (piality of coal art* not givtan The wood is assumed 
to be. thoroughly air-dri<*d, and the wt*ight of wood given is the 
w<‘ight of out* cord. 
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CALORIFIC POWER OF FUELS 


maATIYE HEATING VALUE OF WOOD AND COAL 


Hickory or hard maple. 4500 Ih. <‘qual to 1«00 lb. coal. (OthcrH ^ivo 2000) 

White oak. 1»50 " 1540 “ t “ 1715) 

Beech, red and black oak. 3250 “ “ HOO “ ( ** 1450) 

Poplar, chestnut, an<l elm. 2350 “ “ 040 ** ( “ 1050) 

The average pine. 2000 “ “ 000 '* ( “ 925) 


The table shows that 2J lb. of dry wood are about (aiual to 
1 lb. average quality of soft coal a,ad that. tlu‘ find valu(‘ of the 
same weight of different woods is viay luqirly tlu^ sanu‘ tliad is, 
a pound of hickory is worth no nion* for fuel than a pound of 
pine, assuming both to be dry. "Hiis is at variaiua' witli Mnhka-’s 
results quoted above. It is important that, the wood be dry, as 
each 10 per cent of water or moisture' in wood will elcdracd aliout 
12 per cent from its value as fiud. 

Taking an average wood of tlu' analysis, peaffcadly dry. i \ 50; 
H, 6; 0, 42; N and ash, 2, its total heating vahu% by Dulong’s 
formula, is 7765 B.T.U. per pound, if tlu' wood eamtaiiiH 25 pea* 
cent of moisture the analysis of the moist wood is (\ 37.5; II. 4.5; 
0, 31.5; N and ash, 1.5, and its total heating valut' is 75 pea* (‘ent 
of 7765, or 5824 B.T.IL per pound. To obtain the' “ available ” 
heating value we subtract the loss of lu'at in tlu' stcaim formcal 
from the water and the hydrogen in tlie wood, as ealeulatcHl by 
formula* Taking the tempc'raturc' of the' air supply at 62 (I(*g. 
Fahr. and that of th(^ (escaping ehimney-gaHt's at 4fi2 ck*g. I^nhr., 
this loss is 810 B.T.U., whiedi subtraetcHl from 5824 givers 5614 
B.T.U. per pound as the availalilt' luaiiing value'. 

In burning wooel feir steaming the* fire* is eaisily eamlredleHl; 
combustion is more ceanpHe'; the proeluets of eamibuHtiem cam- 
tain only very small quantitic's of unburneal gase's; and the' iwh<‘s 
'are generally free from carbon. The camnlrie's lining wood for 
this purpose are growing hm in numher yeairly, on iicaamnt of 
improvement in transportation and the' dkaoa'ry of new ca^al 
seams; petroleum oils for fued have' also la'iamic' more e'ominon, 
especially in Russia, the Uniical Htatc's, and (’anada. 

* B.T.U. lost duo to hydrogen and inowture 

- (9//+ W) X [(212 ~0 + 076 f 212)1 

in wliieh H is the poroentege^ of hydrogen, W the' watt'r in 1 Ih of fuel, I 
the atmospheric tempomturo and 7^ the teaniMTatiire* eif tiii» ediiruney gnjie‘«, 
in degrees Fahr, 








WOOD 


125 


RELATTVK VALUE OF VARIOUS WOODS 


Wood. 


Hickory, hIu'II bark . 

Oak, clu‘Htiuit. 

Oak, whit<‘........ 

AhIi, . ... 

i)(>iu:woo(i, . .. 

Oak, black......... 

Oak, red.. 

Bc<«'h, white. ..... 

Walnut, Idack. . . . 
Mai^lt‘, hani (niutar). 
(Unlar, riMl ... . 

Ma^nnlia..... . 

Maplts Hoft.... . . 

Pine, ynllow..... 

Sycamore. ....... 

Putternut. . .... 

Pirns New JcTfU\V. 
Pines pitch . . . 

Pines white* . ... 
Poplar, l,otubardy . 
OiieHtimt ........ 

Poplar, yellow. ... 


SiHH’ilic 

Oravity. 


I . OOd 
O.BBS 
O.BBS 
0.772 
0.BI5 
().72a 
0.72B 
0.724 
0.6B1 
0.644 
0.">65 
0.60‘> 
0,507 
0.551 
0 515 
0.567 
0 47B 
0 426 
0 4IH 
0.107 
0 552 
0 561 


PonndH 
in One’s 
(lord. 


4460 

3055 

3B2I 

3450 

3643 

3254 

3254 

3236 

3044 

2B7B 

2525 

2704 

266B 

2463 

2101 

2534 

2117 

1004 

1B6B 

1774 

2111 

2516 


Pe^rcenit- 

Oharc'.oal. 


26.22 

22.75 
21 .62 
25.74 
21 .00 
23.80 
22.43 
10.62 
22.56 
21 .41 

24.72 
21 .59 
20.04 

23.73 
23.60 
20.70 
24. BB 

26.76 
24.35 
25.00 
25.29 
21 .81 


Si)cdiic 

Oravity 

of 

Oharcoal. 


0.625 

0.481 

0.401 

0.447 

0.550 

0.387 

0.400 

0.518 

0.418 

0.431 

0.238 

0.406 

0.370 

0,333 

0.274 

0.237 

0.385 

0.298 

0.293 

0.245 

0.379 

0.383 


Pounds of 
Charcoal 
in a 
IluHhcil. 


32.89 
25.31 
21.10 
28.78 
29,94 
20.36 
21 .05 

27.26 
22.00 
22.68 

12.52 
21 .36 

19.47 

17.52 

19.68 

12.47 

20.26 

15.68 
15.42 
12.85 
19.74 
20.15 


Relative. 
Value of 
Wood. 


1.00 

0.86 

0.81 

0.77 

0.75 

0.71 

0.69 

0.65 

0.65 

0.60 

0.56 

0.56 

0.54 

0.54 

0.52 

0.51 

0.48 

0.43 

0.42 

0.40 

0.52 

0.52 


W(KH> REFUSE 

Wood r(»fuH(' is xmnl as a. fu(d for gas producerB at the plant 
of th{‘ Soutlud'o (’otton Oil (’o., (huina, La. The refuse used 
is known as (wprthss hog/' eonHisting of about 50 per cent 
sawdusl, and 50 pto* (‘taii chips, and (uintaining about 30 to 35 
per <*(ad, moisture'. Tin* plant was dc'seribed in a paper read by 
('hark'H M Hnypp iH'fore tlu' Louisiana Hngineering Society, May 
b3, Ii)12. Tht' gas olitainc'ti from the “cypress hog'' ran from 
130 to 135 ILT.U. pt'r eubit* foot, while gas from “pine hog" 
had a ealorifie value of lfH.4 B.T,U, ptT cubic foot (average of 
11 analysc's). Tlu' enlorifit* vahu's of th(i (cypress and pine respec¬ 
tively werc^ 5540 liT.Ll and 7005 B.T.U. per pound* 


MIHUELLANKOtfH SOLID FUELS 

Straw.—Cliirk*^ gives flit* following analysis of wheat and 
barlc'y straw, the* two varying less than one per cent: Carbon, 30; 
liydrogtm, 5; oxygen, 3H; nitrogen, 0.50; ash, 4.75; water, 
15,75. Aec‘ording to Dulong's formula, the calorific value of this 
* Htciun Kngin<% V<4, I, p, 62. 
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CALORIFIC POWER OF FUELS 
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Hintw would J)o 5411 B.T.U. Ilussian wheat straw,* dried at 
230 deg. Fahr., of eoiuposiGon, (Wbon, 4().l; hydrogen, 5.6; 
nitrogen, 0.42; oxyg(‘n, 43.7; ash, 4.1, had a calorific value of 
6290 B.TAl Th(^ straw eoiila-iaing 10 per cent of water 

had a luxating valium of r)44(S H.4MI. Jhickwluuit straw, dry, is 
giv(ai as having a h(\a,ling valiu^ of 5590 B.T.U., while diy flax 
straw is giviai as (>750 B.T.G. 

Bagasse.” Bagasst* is r(4*us(' sugar-(*an(% the juice having been 
('xtra,(‘ind. Ih-of. 1^ A. H{m*u( 4 f says (‘on<^(‘rning l)agass('.: “With 
t,ropi(%ni (‘aiu^ containing 12.5 p(a' (‘(‘ni, woody filler, a juice con¬ 
taining It). 13 pta* (‘(‘lit solids, and 83.87 pea* c(ait wat(T, bagasse 
of, say, 66 p(*r e(‘nt and 72 pea* c(‘nt mill extraction would have 
thc^ following perecaitagc^ eomposition: 


66 IHT <M‘nt biutiiKH** 
72 p«T iM*nt hmTSWHt-* 


Woody 


37 

4S 



Wator. 

SaltH. 


10 

53 

9 

46 


“ Assuming that tht* woody fibc‘r contains 51 pea (aait carbon, 
tlie sugar and otlu*r c*ombustilih‘ matter’s an averages of 42.1 per 
(‘ent, and that. 12,901) Ih'T.U. gent‘ratt‘d for (W(‘.ry pound of 
carbon consumed, t!u‘ 66 pm* caait liagassc^ is eapablc* of gcaierating 
2978 li/IMb pta* pound as against 3452, or a difTerence of 474 
B.T.U. in favor of tlu* 72 pm* ctaii bagasse*. 

“ Assuming the* teanperatun* of the* waste gase'S to lie 450 <leg. 
Fahr., that of the* surrounding idmospluae^ and watcT in the 
bagasHc^ at- 86 deg. Falir., ami the* e|uantity of air ne*e*e*sHary for the 
(‘ombustion of I lb. nf c»arbon at 24 Ib., the* lost he*at will be as 
follows: In tlie* waste* gHse*H, iaading air from 86 to 450 de‘g. Fahr,, 
and in vaporizing tiu* inoislure*, t*tc., the 61) per e(*nt bagasse 
will resfuire* 1125, ami the* 72 pe*r e»ent bagasse 1161 B.T.U. 

“Subtracting th<*se* (|iiantttie*H from the* above*, we find tliat 
the 66 iK*r ea*nf baga)«* will prciflw*e 1853 available* B.T.U., or 
nearly 38 pt*r cent lt*sH than the* 72 iH*r cent bagaase, which gives 
2990 B.T.U.“ 

* Eag. McclifuiicH, Feb., 1893, p. 55. 

t F{i|M*r reati befere kaiisiiiaa Hiigiir Gheiaiste* Assocmtba, 1892. 
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Samuel Vickess in The Engineer, (-hi(*ag;o, April I, 1903, 
writes: 

The value of bagasse as a fuel (k'pends up(ni th<' amount of 
woody fiber it contains, and the amount of eombuslibh' mattca* 
(sucrose, glucose, and gums), la^ld in tlu^ licfuid it n^lains. Oiu^ 
hundred pounds cane with triple crushing givtss 70 lb. jui(‘c‘, a.nd 
24 lb. bagasse, which consists of 12 lb. Obtn* ami 12 lb, juic(\ 
The 12 lb. of juice contains 10 per cent, or 1.92 lb. smn'OHe, 0.5 
per cent or 0.06 lb, glucose, 2.5 pen* ctud. oHht orgaiiic* mattca* 
and 1 per cent or 0.12 lb. ash, making a total of 20 pc*r cemt or 
2.4 lb. of solid matter, and 80 peu' or 9.0 lb. of waRa*. H.(‘- 
ducing these figures to quantities corrt'sponding (o I lb. of bagasH(‘, 
and multiplying by the luxating valiu's of tlu^ H('vta*al .sub.s(a.nc(‘H 
as given by Stohlinann, W(^ find l.hc^ luxating valuer of tlu^ (‘(un- 
bustible in 1 lb. of bagasses as follows: 


0.5 lb. fiber 

X7-l(;i 

:j7;i() B.T.U. 

0.08 11). sucrose 

X()!)57 

557 " 

0.0025 lb. glucose 

X()(H() 

17 “ 

0.0125 11). org. nuiUorX7-l(il 

!K1 “ 

0.4 11). water 

0.005 lb. ash 


431)7 


1.0000 

This 4397 B.T.U. is the gross heating value, wliicli would be 
obtained in a calorimeter in whi(‘h the prodtads of (‘ombustiem 
were cooled to iho temperature* of tlu* atinosplun’e. 'Fo find 
approximately the heat availabh* for g(‘n(*rating stewn in a boili*r 
we may assume that 10 lb. of air is UH(*d in burning c*ac‘h p<nmd 
of bagasse, that the atmosphc^ric hanpc'ratun^ is H2 deg. Fahr. 
and the flue gas temperature 402 deg. Fahr,, and tliaf in addition 
to the 0.4 lb. of water per pound hagassci onc*4ia!f o! tlie rcanaining 
0.6 lb. is oxygen and hydrogen iti proporti«>nH whi<*h Umn water, 
making 0.7 lb. water whiesh (*8eaiK*a in tla^ fluc^ gas as HU|M*rlmaied 
steam. The heat lost in tlu^ flue gasc^s f)c*r pound of bagasw* in 

[10X0.24X(462-»82)+0.7(2l2--82)+970+0.5 (462-212)1 
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which subira(‘-i.(Hl from 4397 l(*av(\s 2627 B.T.U. as the net or 
avaihibk^ luvitin^i; valu(‘, whi(4i is (‘([iiivalcni to an evaporation 
of 2.7 11). of water from a.n<l a,(, 212 (le|»;. Fahr. In ])ractice 1 lb, 
of su(‘.h gr(H‘n ba.g;ass(^ (wapora(,(\s 2 to 2] lb. from feed water at 
100 d(‘^'. Kahr. into st.c^a.m at* 90 Ib. pn'ssure. This is (npiivalcnt 
to from 2.31 to 2.59 lb. from and at* 212 dc'^’. Fa*hr, 

Wet Tan Bark. l'a,n bark is us(h 1 as fuel after having been 
us(hI for tlu' tjinning of h^adlua’, t.h(‘ spent tan consisting of the 
fibrous portion of tlu* oa,k bark. Ika'Iet says that the (ailorific 
vahu‘ of p(*rfV(‘tly dry ta.n with 15 pea* (amt* of ash is 0100 B.T.U. 
a,nd that tan (‘.oniairiing 30 pea* ccad* of waha*, which is the normal 
state' of dryiH'Ss, has a. luxating vahu' of 42cS4 B.T.U. David M. 
M('y(‘rs (Tnms. A.S.M.M. 1909) givc's the ava'ragc' h('at*iiig value of 
dry lu'ndock tan as 9501 B.T.U. By Dulong’s formula the heating 
valu(' would b(‘ K152 B.T.U., tlu^ {‘omposition of th(^ dry tan 
(*it('d b)” Mr. M(‘y('rH bedng Jish, L42, carbon, 51.80, hydrogen, 
0.04, oxyg(m, 40.74. 

Wluai w(4 tan bark is burnc'd in tiu' boik'r furtuu'e, the mois- 
tuH' in it is convca’ttal into suptaluaitcal sbauu and this (\scaping 
with tlu' (4umn(W gusi^H carriess away a large' ateiount of Imat. 
ddu' amount of lu'at so lost elc'pc'nds upon tlie' ame)unt e)f moisture 
pre'semt in the' Ian, nnel the' tal)le* iu'rc'with slu)ws the edTemt e)f 
varying einanlitic's of moisture' both upon the heniting valuer and 
the' e'vaporative' ('fleet of the wet tan bark. 

e’ALoiiiMe: VAian*: of tan with vaiuofh pmu’KNTAejKS of 

Mt)WTFUK * 
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^ ar> fiia hiirk to hi* (’ 030; H 0.06; 0 0.40; N and 

Afiti eHH. ilimniif! litlip-* h.v I»ylctii|f*fi foriiiula 7020 H.T.F. |>«*r inniiHl. 
iir<’ tnijiuifiinl ti» ntriiiti' Hi 600 Ftthr. 






CirAFTKR VII 


LIOniD FUELS 

Of the many oiln nipable c^f ust* m fuel, only those of iiiiinTal 
origin are lused The veg(‘tahh‘ tals are ItHi c’ohfly ninl possc'ss tio 
advantage over tlu^ ttuncu’al cals. The* minenil oils c*om{a-oliend 
the liquid hydroearlKaus c'xtnudcM! foau latuinint»us seliist ca’ caail 
and its congeners by dwtillaticai, as \vt*ll as t!ie oils wltieli <»xist 
already fonned in the cwtli, and cidhal by flu* s|H‘eial iiiuiit* of 
petroleum. Wliik'. tht‘ foniua* arc* stTIoiu employed in heating, 
petroleum has heeonie an impcaiunt fnt*l in the* eountries \vhit‘h 
produce it. 

Petroleum is a mixture* of licpiid liydrocarhons, whitdi exist in 
several series as shown by tin* following table liy Johnson and 
Huntley.* 


DIVISION OF TUK ei‘.TI(Ol,Kr:\! SKICIFS 


Cl c el !• oifti 


Iviiitiii iiiirl iij iHiiitiiil lao 
iiml I mFii 

1V%,ri. t.imimiuhi fiinl litti, 

nilllft, Iniltrtflil. ilili! t 'AUtiHUlA 
Ni’iif!,! mII ifj stiiiUI 

f ‘iilifuttiirt 

< ‘iilifuriilii 


Crude pcd^roleum, subjc'etcn! to fraetioiml dintitiiifion, giviss the 
lighter fuels of commc^rc^c*, sueli as limt/ini% giwo!iiii% keroseni% etc, 
The table !)elow, also from Jolmsoii and Hiinfleyi shows Innv the 
paraffin series may l>o broken up to form the* more fnmiliiir eom- 
modities. 


Oouarallzwl 

Fonmila. 

OnH2»+2. .... 

....... 

CnH 2 ft- 2 ... . . . 

OnH2»~4. 

Cnn2»-Cl. 

CnflM-’B . 

Om2n“»10. . .. 
Cflsn2»~l2. . .. 


Naini^ (if 


Faratlin 

OltillJi and pnlytmdliylnn** 
Aodylnnn. 

Itarn... . , 

lim \. . 

Han^ 

Includi'ri naahtliiilrni’ t'iiiin 


*()il and (las PnaliiHhiti, p, I. 

i:in 
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PTVTRION OF TUK PAUAFFTN SERIES OF PETROLEUM 


NauH*. 

Symbol. 

Hoiliii^''«poitit, 1 
1 P'f'rtH'H F. 

(Iravily 
Hauin6 at 

68 1)(*K^ F. 

Ooinrnercial 

N arne. 


(UL 

-- 2‘>6. *) 


j Natural gas 

lOtluuu'.. , , . 

('uns 

-■ ru>.4 


Propunt*.. 

< ‘a H H 

4<).() 


1 (Ja.sol 

nutuiio. 

i an 10 

■1 vea 


Pt'UlUtH*. . 

i'Mit 

1 100.4 

91 at 57 

] 

UfxaiH* 

CoHu . 

1 158.0 

85 

1 (laHolino 

Ht'plutu'. 

('.'Hui 

1 208.4 

75 

Ocauit*. . 


•1 257.0 

69 

1 

Noiuim* 

fyll-o 

1 208. 1 

65 

j K(*ro.M(‘no 

Dt't’aiu*. - .. . 

1 < 'lol 1 .v 

1 04. 1 

62 


(Jnsc^liiH' may Ih‘ (‘xlrarltal from Iha (*asin^ lu^a-d p;as coming*; 
from oil wells, by the eonchaisatioa of tlu‘ propane and butane iu 
tlu* pis» Low-KHidt^ naphtha is sonu^tinu's I)l(‘ndtHl with ^iRkS- 
gasoliiu* to form a eomnua-eiul pisoliiu^ whos(‘ sp(H*ifie jj^ravity is 
tlu‘ same* as that obtaiiusl by distillation in tlu‘ n^fmery, Imt wliieh 
eontains varying; «iuantities c»r tlu‘ lighter eonstitiumts to com- 
ptmsuit* for tlu* luaivy liydroearbons. 

l^*tn>lc‘um is found in vast c|Uantiti(‘s in the Unitcal Htates, 
Mt'xieo and Hnssia. C'anatla, Koumaniaj Rurmah, Australia, 
F(‘ru, India, Java, and otlua* loealitu's have produecal smaller 
((uantilies. 

Among tla‘ first use licfuid fuc^l, and th(‘ first to I>ring its 
us(^ to a state of piaiVetion, wviv the Russians. For years they 
havt* used if (*\e!usivt*!y in their loeomotiv(‘S and in many marine 
caigines. At first the erude oil was usiah but afttaavards astatki, 
or residuum from tlu' first distillalion. Hptaaal lairncu’s were 
invtmtcai in larg«‘ numbers, and now its use is a scdtled fact and 
inereaHing. 

Tlmmas Urquharf there cibtained an t*ffieiem‘y of H 2 per cent 
of tht‘ the(U*t‘tieal heating value in ex|>erimentH on the Russian 
railways, lie fetl the |Hlroleuin to the furnace l>y means of a 
Hpray-injiaior driviui by steam. An indma'd eurnmt of air was 
earned in around the iiijt‘elor«no/,/J(‘, iintl additional air was sup- 
pliial at the hollom of the furnac‘e. 

Mi\ rrquluirt fProe. Inst. Jam, IKKP) gives the follow¬ 

ing tiilile comparing tie* Ihc’orelieal lit^aling c‘fh‘c*t of petrohann, 
iiH {*onipared with that t»f c^oa! as di'leriniiaal hy f avn* and Silher- 
iniuiit. 
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gravity may vary from 12 tu 7ti lljiiiini-. Fii! ihr 
quantity proclumi rimg«‘H from :ill dn* Ft d* |,f M-umiF*. I'ln, 
color of criuk* pcirolcmm m a Ftowfo Ftii u fiitniil 

from a light-brown rotor, lliroiigh flw’ ^ainaiM :dt!ttlt-< i4 to 

a jet black. It may 1«‘ broki*ii iip b> iIihi iiLiiii»ii iniu 
keroHcue, imcl iithia dij^fitlatcH iiiid ri-afliiiiio*'; «»i 
any one of wliicfi miikf‘i^ a very gnod ftP'l liiniii rrrtmu mji- 
ditiorm. 

Gaaoline, or iHdroIetiiii itf liKiri* ili.ifi 71 fio|f Ilntiiiiib 

will never be uned for fuel e?<ei’|it to n \viy limifi'il r^imt, ,H|||rii 
it and ita elostdy iiRHiMaaird diHtillitfr'H nrr nhim'' liifUf i:iliiii!i!e 
for other puriKiit^H, .Htndi iw m uiioiiiiil riiiiiliirHimii i hpjm-n, 

Bonmie, or trfroleiiiii di^iillufi' bd ih% in 71 4*%. Ihmmf% 
is the bc^at of all !if|iiid but tb** iliilimlH', liod 

of tranaporiing fit^rmif only if,f4 ii^r m n fi'ii ifrr:iliffr.«i 

Kerosene or {Mdroletiiii dii^filliile nf 4\ in :i:i 
Baum6 gravity is an rxrriliiii fiiid. n fm i f*ir -.uuilt luaiern 
it is the bc«t, bemiw^ tif itn |iitrfiiliiltfy nini ib,. juid fiinliiy 

with which it eitii In* Iiiiiidlt*d. I It** di fill lO' > lU in-infliiiiii 
known as neufriil or politr 111!?^ linii’ im til:ii ipH jtiiliii-!*" over 
kerosene as find save tlieir tiigb 

Crude fadroleinii liiny riiiiijiui uux iiijtiiiin nf |,rii./Hir and 
kerosene from nolliiiig up to limrly lii jwi’ rriii, ^'iiiinn riiiirrly 
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with iho l(>(‘4ilit.y it. is produced Of these two distillates, 

Anu^rienu crude pctroleinn (‘ontnins roughly, from 50 to 75 per 
(•(‘ui of k('ros(‘U(^ and Ikuizcuh'; Ihussian from 15 to 50 per cent; 
Pca'uvhin from 15 to 50 pea* (Halt,. 

Aftca* tlu' h(aiztauNS and tlu^ ktaH)S(au\s have been run off, there 
rcanains in tlu^ still an oil known by tlu^ various names of residuum, 
rediuHHl oil, tar, fiu'l-oil, astatki, niazoot., petroleum refuse, etc. 
If this r(‘siduum is (list ilka I still farilua*, neutral and lubricating 
oils distill ov(a‘, or t‘ls(\ with (aaiain forms of stills, diaamiposition 
S(‘ts in, and various prodmds may b(‘ distilkal over until nothing 
but a. small amount- of colu^ is l(‘ft in th(‘ still. 

d1ii‘ Russian <a'U(I(‘ oil (*ontains a low ptaHaaitage of keroscaie 
and th(a’(‘ is an (aiormous surplus of u'siduum, gxaierally known as 
“ astatki or “ mazoot,” wlu(‘li (‘annot all b(‘ uschI for the manu- 
fa(‘tur(‘ of lubricating oils, lliis astatki is thc^ fuel-oil par excel- 
kauH^ for mariiu^ and locomotive work where a perfectly safe 
oil is nH|uir(Hl. 

''ria* pc'trokmm fu(‘I consumcHl in the* United Htat('s is almost 
n\stri(*((Hl to the* use* of (‘rude* oil, and this is not the fiud which 
will suit th(* geiH*raI consuna*!’, ('rmk* oil is a most (‘xeellent 
and (‘asily handkal fuel, but it must lx* us(*d with caution. It 
is absoIuti‘Iy unfit for usi* on a. locomotive* or steanuw, since, in 
cas(* of accidi‘nt, it may (Hitch fin* and spr(*ad with startling rapid¬ 
ity. For Htich purpos(*K no {H‘trok*um should lx* usexi that has a 
firedi*Ht of l(‘ss than 2CK) ck*g. to 250 dt*g. Fahr. A p(d.roleum oil 
with a fin*d«*sl of 250 d(*g. ludir. is a safen* fu(*l than (‘oaL 

Ih*sichmm oil uliich has a !ire-ti‘st of say 250 (k‘g Fahr. to 300 
ck*g. Falir. is tlu* most Huilabk* for ftud on steamers. It is ahso- 
lut(*ly sah*. as if (Hiimot tak<‘ tin* and dix*H not give* off inflammahle 
gases until heated t(» a lempi*rfitun* alnivi* tliat of boiling water. 
Hucii oil may Ix* pIatH*d in a lna*kt*t and H!irr(*d with a red-hot 
pokt*r without eutcliing firt*; shovelfuls of hot coals may be thrown 
into it, but tiny will be extinguishcHl as if thrown in water. 

It is probable flint in lla* future petroleum fuel will be used 
more for inarini* purposes on account of t*conomy in spacx* and 
W(‘ighf. Uidiforiiiii iM*froleiim will probably lx* largely us(h 1 for 
this purpose, as the prodiaiion of crude* pi*trok‘um there is b(*ing 
rapidly ittcreased, and the oil is belter suited by its (|uality for 
tliiin for reliiting purpt«*s, owing to the small proportion of 
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volatile eousiiiueiitH inul larg(‘ proportion of lioavy liytlnienrhons. 
It is just the contrary with IIh^ potri»l<‘Uin fotinci in flio l^asttnai 
States, which is especially utlnplod to tlie iiiaiuifarlun* of ilhnnO 
nating oils, owing t(^ tlu' large* prtepcalhtn of veilalih* hytlroc\nrh{am 
it contaitis. 

The pc'l.roltann-fielctH of Ptani soiiunvliat resnuLlo those* of C^uli- 
forniii. Tlu^ crude oil Ls a g<HHl fui*! for stnf ionnry Loilia's, and, if 
40 per cent of henzAuie and kta’eestau* are di.'-^illtnl otT* the n*stilting 
residuiun is an oil of about 22 elt*g. Hniune gravity and 2h0 d<*g. 
to 280 deg. fire4c\Mt, c4 iuod«*rnte visiai^ity ami eoiilaiiiing 
no paraffiiL It pr(*H(‘rveH its Iluidily at low teinperatures, and 
makes an exeellc‘nt fui‘l for eitlier loc*onio!i\‘e or marine iista 

Some of the advantage's claimed for ltt|uid fuel urnha' boilers 
are: 

1. Diminished ItwH of heat up the sfiiek owing to the eleaii 
condition in whicli tla* ttibes ean be kt*pf, aiiil to the smaller 
anunmt of air whicli lias to pass through tlie eoinbimtiiUi-c'liiimber 

for a given fuel cHinsumptiom 

2. A more (*{|ual distribulion <if hiait in llit' eombustion- 
chamber, as the doors do not liave to \n* o|xaied, nitd eonsec|Ut‘ntly 
a higher eflicieney is obtaincal. 

3. With oil tlu'u* is no chance cjf getting dirty tires on a hard 

run, as with coal 

4. A reduction in cost of handling fuel, since oi! In fiandled 
mechanically or hy gravitation, whili* with witid fuel uifuiuiil labor 

is rcquinal. 

6. No firing tools or grate bam an^ used, eoiiMei|uently tlie 
furnace lining and lahhwork floors, <*te., siifbu' \vm ilaiiiitgi’, 

6. No dust nor aslu's to eovi*r or till the tubes luiii fitiiiinisli 
the heating surface, nor to \>v hiimlleil or eiirletl aw ay. 

7. Petroleum doc*H not sufler whili* liiuiig while tht^ 

deterioration of coal under ntnuwphiude iidliiiitee in well kiiow'ii, 

8. Ease with wliich firci eiiii he regiihiteih from a tow to a most 
intense heat in a sliort time, 

9. Absence of sulphur or other iiiipiiritie?4 iiiiti Ituiger life of 

plates, etc. 

10. Lessemiugof manual lahtir of lireiiiam 

11. (treat inerease of ateamiitg cfipiirity. 

For burning liquid bad the hesf lairner m I hat wliicdi iitt>mi/ 4 ‘s 
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or sprays iho By iluis fonnitig a fine mist an approximation 

to tlu‘ (lu‘or(‘l.i(‘a.l fu<‘l, gas^ is ohl^aiiu'd. Several methods are in 
us(' for Mus purp<)S(‘. liy sonu^ the oils are vaporized by heat; but 
this is appliea.ble only (.o lighi, oils, which are not much used. The 
favorili' uH^thod is by laiving ilu^ burner so constructed that the 
oil is ror(‘(Ml out in a spray and a,t th(^ same time mixed with the 
air n(‘ec‘ssary for its couibusti(m. 

Wlum using tlu‘ fu(‘l oil (»ouunonIy used in the United States 
air spray(‘rs arc^ suflieitmt, as this oil is a. dislilled product and con¬ 
tains non(‘ of th(‘ v(‘ry lu'avy solid portions of the crude oil. In 
Russia, and in (’anada, howc^ver, the case is dilTerent, as in these 
counlric's llu‘ fued oil is the rcssiduum from tlu^ distillation and con¬ 
tains all tlu‘ lanivy and nonc^ of tlu^ light oik In this case steam 
is usi‘d ns an atomiziiig agcait, and it nets by virtue of its heat as 
w<dl as its force. 

To hav(^ tlu^ best- r(‘suItH, tlu^ burner must be so regulated as 
to have a flamt^ bord(‘ring on, but not c|uite, smoky. Thus suf¬ 
ficient and no! too much air is ohtaiiuaL Tlu^ (juantity of steam 
needtal io a.R)mize the oil at Moscow is 4 per cent of the water 
evaporat(*d. 

H(‘sid(‘s list' forlaaiting boilt'rs, litiuid fuel has been used with 
good resuKs in pmldbng-furnnct'H, glass-works, smelting-furnaces, 
brick-making, linu'-burning, ami in alnuKst every place where coal 
woultl bi' UHial. In houh^ <*aHC'H whca-c^ fine adjustment of tem- 
|M*ralure,s has Ixam niHalc'd it lias Imm a strong competitor to gas 
itwdf. 

Relative Calorific Values of Liquid Fuels. (From l^echnmil 
I*aper 117, (‘fiiirti SiaicN Humm of A (‘omparison of the 

limit of combustion of pure liiiuids was made by Irving C. 
Allcm in llm nbove«iu»lt'ti pafKT. Avc*rage values in (‘alories per 
gram are given in tlu' following tabk': 




Mialijl iar«»liy| t'Hit HI 
Klhyl eanoil 

< Vtli4 

evils 

C ‘iiituisi’rrliil 

Crtult’t Vilifiiriiia anritlrttm 

lAviTani’ i»f ll*> 


Omvity. 

Avt«rtw (‘alorkMi 
|H*r Oratn. 

a ftHl 


t) 791 

7,10? 

f) 677 

n,6os 

a nm 

10,001 

1) 710 0 710 

11368 

0 790 0 BOO 

0 9462 0 9701 

n,oso 

10350 
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Properties of California Crude Oils. C^rudc oils of apparently 
the same gravity arc often found t.o vary in (‘ulorifie powca*. 
These variations are due to water in the oil. This wat.cn* is oft.en 
undetected and no correction is niad(^ for it (hu^ t.o us(^ of tlie 
so-called gasoline test for water. This test is madt^ by mixing 
equal parts of gasoline and oil ami allowing tlu' mixtiux^ to stand 
for twenty-four hours. The percentag<m)f wat(‘r can b(^ rc'adon a 
scale at the bottom of tlu^ test eylindtn*. F, S. Wade in /^ueer, 
Nov. 14, 1911, states that this test rarely with any oil and almost 
never with the heavier oils reveals tlu' full or cornM*!. amenmt of 
water present. In the sam(‘. arU(h\ Mr. Wade prt'sents a table 
showing the variation in the propc'rtit^s of California, crude' oils 
obtained from difh'.rent disi.riets. The maximum and minimum 
values given are as follows: 


I 

.. .... 1 

Hpeeine 

(Iravity. 

Maxiininn.. 

0.854 

Miiiinuim. 

0.988 



0(‘g“r(H‘H 


FouihIh pt*r 
(Jalion. Sttiphur. 


M.O 

11.7 


7U2 

«,24 


0. y 

4 4i 


n.T.u. 

pff I'ouiid. 
m.4{)0 


The above figures are for oils ('utin'ly free' from moist un'. d'he 
B.T.U. per pint of the lighh'st oil was 17,270 and that of thc^ 
heaviest oil was 19,030. 

The accompanying table (from Power) givc's wliat may be. 
considered representative figures for tlu'. (composition, wt'iglits and 
heat values of American oils: 


PROPERTIES OF CRUDE OILS 


Kind of on. 


Ohio. 

Pennsylvania, ll^ht. 
Pennsylvania, heavy 
West Virginia, light. 
West Virginia, heavy 

Texas. 

California. 


(iOMeOMlTION HY Wkioiit, 


(hvr* 

Hydro- 

HuL 

oxy- 

hon. 

gen. 

phur. 

gen. 

0.814 

0.147 

0.006 

0 on 

0.820 

0.148 

0.010 

0 022 

0.849 

0.137 


0,014 

0.843 

0.141 

6.001 

0 oil 

0.835 

0.133 

0.008 

0.024 

0.840 

0.132 

0 010 

0 018 

0.852 

0.124 

0 005 

0 019 

0.839 

0.139 

0 007 

0 018 


B TJf. 



Lh. 

rKn PotfMO. 

Hpi'i'itlr 

per 



(Sravily. 

Clal- 




Ion. 

»y 

c *oin- 



9VMt. 

putwl. 

0 800 

6 68 

19,580 

19,718 

0 816 

6 80 

19,910 

19,519 

0 886 

7.40 

19,210 

19,185 

0 841 

7 02 

18,400 

18,127 

0 871 

7.28 

18,124 

18,860 

0 925 

7 7! 

19,100 

18,928 

0 959 

8 00 

18.500 

18,656 

0,871 

7 27 

19,006 

19,086 


Average. 
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The formula by the computed results were obtained is 

not given. 

The calorifics valu(‘ of (Cahfornia crude oils has a direct relation 
to tlus density, acesording to a, (.ai)le pul)Iished in Engineering News, 
May 13, 1909, and n^produccnl 1k‘1ow. The table shows that the 
thinner the oil the highca- is it,s h('a.ting value per pound but the 
less p(u* banx'l. 


niOLATlON OF DFNSITY OF (SALIFOTINIA ORUDK OIL TO HEATING 

VALLE 






'I’hoiiH 





'riiouH- 

r)(‘Kr(H‘ 

nauuF' 

Sp(i'<‘l(ic 
' Gravity. 

IH'r 

Harrt‘1. 

n.T.tr. 

por 

Found. 

and.M 

B.'C.U. 

p(*r 

Bauinf. 

Spc'dflr 

Gravity. 

WtMght 

p(‘r 

Barr(d. 

B.T.U. 

pvr 

Pound. 

anda 

B.T.U. 

per 





narr(4. 





Barrel. 

10 

1 .000 

150 

IB.IBO 

6442 

28 

0.887 

Ill 

19,460 

6051 

) 1 

0.991 

HB 

18,440 

6418 

29 

0.881 

109 

19,520 

6030 

12 

0.9H6 

146 

18,500 

6194 

10 

0.875 

107 

19,580 

6008 


0.979 

HI 

IB, 5 60 

6 HO 

11 

0.870 

105 

19,640 

5990 

14 

0.972 

HI 

18,620 

6H5 

H 

0.865 

101 

19,700 

5971 

IS 

0.966 

H9 

IB,6B0 

6HI 

.11 

0.860 

101 

19,760 

5954 

16 

0.959 

i 16 

18,740 

6102 

14 

0.854 

299 

19,820 

5935 

17 

0.951 

H4 

18,800 

6280 

15 

0.849 

298 

19,880 

5917 

Ift 

0 947 

H2 

18,860 

6257 

16 

0.844 

296 

19,940 

5901 

19 

0 940 

HO 

18,920 

6215 

17 

0.819 

294 

20,000 

5885 

20 

0 914 

M7 

18,980 

6212 

18 

0 815 

291 

20,050 

5865 

21 

0 92B 

125 

19,040 

600 

19 

o.aio 

291 

20,100 

5846 

22 

0 92i 

HI 

i 9,100 

6171 

40 

0.825 

289 

20,150 

5827 

21 

0 916 

HI 

19,1 60 

6151 

41 

0 820 

288 

20,200 

5808 

24 

0 910 

09 

19,220 

61 H 

42 

0,816 

286 

20,250 

5789 

25 

0 905 

07 

19.280 

61 1 I 

41 

0,811 

284 

20,300 

5770 

26 

0. a99 

0 5 

19,140 

6091 

1 44 

0.806 

281 

20,350 

5751 

27 

0.B9J 

oi 

19.400 

6072 

45 

i 

0 802 

281 

20,400 

5712 


TIh‘ t 4 iblc‘ on page* 13H gives the* calorific vulu(‘ of the oils from 
several of the oil fichls of C ’aliforniu. It is (»ondc‘nsed from several 
extennive tabh's in Bulletin No. 19 of tlu‘ IL H. Bureau of Mines 
(1911) and in dVehnical I^npcu' No. 7*1 of tlu^samc' bureau (1914). 
The eahahic dettTnunationH wtvv. ma.dc‘ in a BcTtheloi bomb of 
the l)inHtnnrc^»At water incHlel, 

Bakersfield oil is the oil most used on Ihc^ Ihieific Coast. Tests 
of thin oil by Prof. I‘kimond ObN(*ill of thc» IhiivcTsity of (California, 
K'porietl by (\ IL Weymouth iTninmttiionH Am. Hoc. M.K., voL 
XXX, p. 799) give* an average' ulfimatt' analysis and h(*ating value 
as follows: (hrbon, KA per cc*nt; hydrogi'n, 12 per cent; sulphur, 
0.8 I'MT cent; nitrcigcau 0.2 per (*t‘nt; oxygem, 1 per cent; water, 
I iMir cent; B/F.IJ. imr pound, 18,CJtKJ, 
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CALORIFIC VALUF OF (CALIFORNIA (CRtIDIC OILB 

(Condensed from Bulletin No. 19 (1910 and dVehnical FafUT No. 74 0. S Bureau 
^ of Mines) 


Oil Field. 


Adams (Canyon.. 
Arroyo Orande.. 

Bardsdale. 

Brea (Canyon. . . 

Coaliuga. 

(Coyote IlillH.... 

FulUirton. 

Kern River. 

La Brea. 

Lompoe. 

Los Angeles (City 

McKittriek. 

Midway. 

Newhall. 

Pirn. 

Puente Hills. .. . 
Santa Maria.... 

Seape. 

Kummerland .. .. 

Sunset. 

Wheeler (Canyon 
Whittier. 


NumlK'r 

of 

Samples. 


3 

2 

6 

9 

62 
2 
11 
40 

17 
3 

22 

26 

29 

<) 

13 

9 

40 

6 

6 

23 

2 

18 


Av(‘rag<‘ 
Spe<‘iii<‘ 
Oravity 
at I (C, 


0.92(0 
.9743 
.9182 
.9223 
. 9498 
.9052 
.9207 
.9645 
. 9604 
.9343 
.9629 
.9566 
.9570 
.9245 
,9143 
.8911 
.9053 
.8950 
.9652 
.9701 
.8875 
.9186 


A verage 
I >(*gri*eH 
Bautn6 
at 60“ I-'. 


22 16 

13 66 
22 56 
21 82 
17 52 
24 68 
22 26 

15.16 
15.61 
19 85 

15 40 

16.17 

16 34 
21 .93 
2 3 29 
27 16 
24,68 

26 4? 
15 06 

14 37 

27 75 
19 20 


AVF.UAtJF. C.\F«»UIFH‘ VAlUriO. 


(‘alorieH 
per 
Cram. 

10,524 
10.208 
9.615 
10,418 
10,404 
10,542 
10,4 39 
10.307 
10.117 
10,186 
10,246 
10,282 
10.341 
10,469 
10.3 36 
10.592 
10,400 
10,556 
10,102 
10,266 
10,529 
10,449 


B/r.f. 

per 

l*nun<l. 

18,94 3 
18,374 
17,307 
18,752 
18,727 
18,974 
18,790 
18,553 
18,210 
18,3 34 
18,44 3 
18,508 
18,61 3 
18,845 
18.604 
19.066 
18,720 
19,001 
18,544 
18,478 
18,952 
18,808 


B.T.F. 

per 

< Jallon. 

145,2 33 
149,185 
1 32,214 
144,123 
148,130 
143.102 
144,060 
148.980 
146,087 
142,719 
147,931 
148.276 
148,345 
145,019 
141,642 
141.543 
141,187 
141.676 
149,106 
149.302 
140,1 37 
147,062 


Redondo, Ckl., oil is also given liy Mr. Weyniniil h ('rninstivlions 
Am. Soc. M.F., vol. to, pj). 7Hi) and 790) a.H li.nving a range of 
moisture of 1.82 to 2.70; sulphur, 2.17 fo 2.00 speeific gravity; 
14 to 18 deg. BaunF'; B.T.U. per pound, 17,717 to 17,900. 

Beaumont, Texas, oil analyzed as follows: iXeirn, .Ian. 00, 

1902): Farhon, 84.00; hydrogen, 10.90; sulidmr, I.OO; oxygen, 
2.87. Sp. gr., 0.92; flash point., 142 deg. I'nlir.; burning point, 
181 deg. Fahr.; la'ating value i)(>r pound, ealorimeter, 19,000 
B.T.U. 

Mexican Crude Oil (10. II. Peabody, Proe. Soe. Naval Arehi- 
tccts and Marine lOngitu'ers, 1912). M<‘xiean enaU* <»il i.s vc'ry 
sticky and viscous at 80 deg. Fahr. On lu'ating to 212 deg. Fahr. 
it turned to foam owing to the presemee of wat.<‘r which fail(‘d 
to separate out. Sp. gr. at 00 deg. Fahr., 0.9H1, or 12.5 Baumf*. 
Moisture anil silt per e(>nt; flash point 210 deg. Fahr.; burning 
point 347 deg. Fahr.; B.T.U. imt pound 17,551. It was KUeeess- 
fully sprayed and burned under natural draft on being ht*ated 
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to 270 deg. Fahr. at a, pn^ssura, of KJf) lb. The capacity fell off 
about 40 per ccait, from t.haf. obtainc'cl with (.he same apparatus 
with oil of IcS (Icp;. Baiun6. 

Air Required for the Combustion of Oil ((t R. Weymouth, 
TranmcMofii-ij Am. Hoc, M.F.,vol. xxx, p. 800). The table below 
shows tile amount of air recpiired for the comliustion of oil of 
different g;ra(l(\s. Tc^xt books give values ranging from 1C to 18 lb. 
of air or pound of oil, but M lb. would be a more nearly correct 
figure. Tlu^ ordinary nu^tiiod of indicating and nu'asuring the 
steam re(juir(Ml to atomize^ the oil has lieen to express the quantity 
as a p(n*eent4ig(', of tla^ ac^taial amount of water evaporated in the 
boiler, ''riiis p(‘rcen(,age ranges from about 2 io 5 and over, depend¬ 
ing on th(^ syst(‘ni of oil l)urning, type of burner, etc. While 
such a p(‘r(ent.a,ge of ratiiig is convenicait, it is inaccurate, in that 
the steam consumpi ion of bunuu-s is proportional to the oil burned 
and not to tiu^ water (waporated. Various tests have shown 
that the stxnun (‘onsumption of oil burners ranges from 0.14 to 
over 0.5 lb. of st.(‘am per pound of oil. The avcu'age value of 
good performance is 0.3 lb. of steam per pound of oil. With 
good hand n^gulation on variable load this (quantity should be 
somewhat incn*as(Ml, and is sonunvhat (kqxmdent on the gravity 
of the oil, temp(‘rature at thc^ bunu^rs, et(t. In stationary practice 
the use of air for atomizing has b('en practically abandoned. 


wmciuT ov Ain Rr:QmuKi) von ruv ('OMiufsTioN of oil of dif- 

FKRFNT URADKS 


of Oil. 

For etnil of (’iirhon.... . . .... .... 

For omt of hydrofoil. . , . .... . . ..... . 
oortt of «ulpUur 

For mit of ... ...... .. ........ 

Fur rout of oxygrti. ... .. .. 

Fc'r rorit of water., . ... .. . ... 

Air chaniieaUy nujuired per pound of eidrulated,! 

pound.., .... . . ... ....... . 

('orrewpondituf nmximurn (’Oa by volumt^ lu dry 
of eonibUHtk»n, per et*Jit........ . . ... 


LiKht. 

Medluin. 

mnivy. 

84.00 

85.00 

86.00 

B.OO 

12.00 

11 .00 

o.ao 

0,80 

o.ao 

0,20 

0,20 

0.20 

1.00 

1 ,00 

1 .00 

1.00 

1 .00 

1 .00 

H 25 

14.02 

13.79 

15.16 

15.52 

15.69 


Th(i tabki below kIiowh the actual and calculated weights of 
air supplied for t he eonibu.st iou of varicais grades of oil and various 
perc(uitagea of (Hlo. Under pr('H(‘nt systeins of firing the per¬ 
centage of (X )2 in th(^ flue gius(w is oftcui m low as 4 per cent, 
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while with an ample supply of labor aiul tlu* careful adjuatmont of 
dampers by hand it may be maintained as hi>th as Id per cent. 
With automatic control it, has been found possible to maintain 
a percentage of COa closely approaching the ideal. 


ACTUAL AND GALCIILATKO WUICIIT OK Allt 
COjMHUSTION OK (ill. 


UKOUIUHI) KOU 




Oil. 

Oil. 


C, 84 per cent; U, 11; 

i\ 85 per oinit; IL 12; 

Per Cent 

S, 0.8; N. 0.2; O, 

H, 0.8; X. 0.2. O, 

COa, by 

1.00; mo. LOO. 

LOO; ILO. 1.00, 

Volume as 





Shown by 
AnalyHlH of 
Dry Ohlrri- 
uey Ganes. 

Pounds of 
Air per 
Pound 
Oil. 

Ratio Air 
Supply to 
Ghmuical 
Rwpilro- 

I^omidfi «f 
Air por 
Pound 
Oil. 

Hallo Air 
Siipply to 
t Itonibitl 


ruoutH. 

niout.M 

4 

51.40 

1607 

5! 91 

1704 

5 

41.11 

2899 

41 .71 

2975 

6 

14.58 

2427 

14 90 

2490 

7 

29.77 

2089 

10 04 

2141 

8 

26.17 

1816 

26 19 

1881 

9 

21.17 

1640 

il 56 

1680 

10 

21. 12 

1482 

21 29 

1518 

II 

19.81 

1191 

19 41 

I 186 

12 

17.76 

1246 

17 88 

1276 

13 

16.46 

1155 

16 57 

1 18i 

14 

15,16 

1078 

15 45 

1102 

15 

14.39 

1010 

14.48 

10 H 


C*. 

8» 


llKAvr Oil. 

M* |»*r rinit; II. n ; 
O.a; N, 0.2; O, 
1.00: HjO. 1,00. 


Alt |H-r 
oil 


tlialu Air 
Hupply U) 

Ui’qulr«» 


4i \i 
r. /I 
10 II 
Mi tii 

/i 7 ^ 
n 4 % 

1*1 *tfi 

IH 01 
tl. liO 

%% 
14 52 


laoi 

l(H4 

I %%4 

iio« 

10.10 

till 

\%%% 

1410 
I 106 
1210 
I 127 
icno 


Specificatioas for tiie Purchase of Fuel Oil Hu* T, H. Burc^au 
of Mines has, in Teclmieal Paper No. :i, IlllI, tlie following npeci- 
fications, which were drawn up for tlie governiuent, eovt*ring (1) 
thenurnber of heat*-iHutsohfaim‘d for a given priec% Til tin* pltynicml 
character of the oil, (3) flash and burning points, and (4) iintounts 
of extraneous mattex. 

Fuel oil should Ix! eithex a natural honiogeneoiiH oi! or ii honio- 
gonoouB residue from a natural oil; if the latfc*r, all roiiHtitiit»ntH 
having a low flasli point should liave hexm removed by distillation; 
it should not l)e composed of a light oil and a lw*avy rt*sidu«* mixed 
in such proportions as to give the ihmsity dt*sired. 

It should not have beem distilled at a t,em|M»ratitre liigli enough 
to burn it, nor at a ternixxature so higli that tieeks of earlxinaetxms 
matter began to separate. 

It should not flash bedow (K) deg. (.!ent. (14CI di^g. Falir.) in a 
closed Abel-Pcnsky or Pensky-Martens tester. 
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Its specific gravity shoulcl range from 0.85 to 0.96 at 15 deg. 
Cent. (59 deg. Fahr.); the oil should be rejected if its specific 
gravity is above 0.97 at that temperature. 

It sliould be mobile, free from solid or semi-solid bodies, and 
should flow readily, at ordinary atmospheric temperatures and 
und(U’ a liead of 1 ft. of oil, through a 4-in. pipe 10 ft. in 
length. 

It should not cong(^aI nor become too sluggish to flow at 
0 deg. Cent. (32 deg. Fahr.). 

It should have a calorific value of not less than 18,000 B.T.U. 
per pound; 18,450 B.T.U. pcT pound to be the standard. A bonus 
is to be paid or a pcuialfy d(Hlu(4-(ul acu^ording to the method stated 
under sectioii 21, as the fuel oil d(4ivered is above or below this 
standard. 

It should be rejected if it contains more than 2 per cent water. 

It should be rej(‘.cf.(al if it contains more than 1 per cent sulphur. 

It sliould not contain rnore than a trace of sand, clay, or dirt. 


MIHUELLANEOIJS LIQUID FUELS 

Kerosene. BulUd.in No. 43 of the II. H. Bureau of Mines 
(1912) giv(^H a table of the heating value of kerosene, which is 
condensed below. 

(JALOItIFK] VALUE OF KEROSENE 
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High. 

Low. 

High. 

Low 

1 

0.7912 

46.9 

113 

0.57 

14.13 

85.16 

0,51 

1 1,068 

10,376 

19,922 

18,676 

2 

0.7925 

46.7 

n6 

0.18 

14.56 

85.28 

0.16 

11,052 

10,349 

19,894 

18,629 

3 

0.7930 

46.5 

118 

0.26 

14.37 

85,40 

0.23 

11,045 

10,351 

19,881 

18,632 

4 

0.7999 

45.0 

107 

0.70 

14.22 

85.16 

0.62 

11,040 

10,353 

19,872 

18,636 


BampUni L 2 and 1 <!<«!gnatad 150 dag. watar whita karoBena. Sample 4 
dasignatad m 120 <lag. tt‘Ht “ HtamlarcP’ kerosene purcliaaed from Atlantic Refining 
Co.. Pittsburgh. 

From Bulletin 43, U. B. Bureau of Minas, 1.912. 


Gasoline. The table on page 142 is condensed from one ^ven 
in Bulletin 43 of the United States Bureau of Mines. 
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ANALYSES AND (’ALOlUFU’ VALFF. OF CFVSOLIXK 
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Tfar (C, If Priteliarcl, in f7ir IXfitjiiirrr iCliiongiti, April 1, 
1903). Under nonind tHinititiooK eonl fur |iii,h »i fm* utlier 
purposes cto^cnling itn fuel valtie mmuivmhlyi Uni tlin^ ii 4 not 
always true, and ii in «*ldoin thiu wlinf i,H tiriliiiiirily enlleil iviitiir- 
gas tar can he disposini of af a pnat* it:H fiipl vnliie. 

The yield of coal tar produred liy iIif ilintilliifitiii nf rfiiil varies 
according to the coal and the uMhml taiipliiyeil, rroiit 43 to fiS 
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per (‘-ent of the weif 2 ;ht of coal. Its specific gravity is about 1.25, 
a gallon weighing 10.3 lb. The ultimate analysis of a tar made 
from a si/andard gas coal, in a medium-sized gas works, is as 
follows: 

Carbon, 89.21; hydrogen, 4.95; nitrogen, 1.05; oxygen, 4.23; 
ash, tra(^(^; volatile sulphur, 0.50. Heating value by Dulong's 
formula, 15,781 B.T.U. per pound. A series of tests in a bomb 
calorimeter gave 15,708 British thermal units, the tar being prac¬ 
tically fr(‘.(‘d from water. 
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Name ©r L^slion. Sp. Gr. Carbon. Hydiwen. O—N Oxygen, Nitrogen. Sulphur. Calories. B.T.C. I Authority. 
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CHAPTER VIII 


GASEOUS FUELS 

The h(uit of combustion of gaseous combustibles has been 
detentiined for a great many (‘.onipounds, definite and pure. 
That-of ih(^ indust.rial gases has Ikhui determined by different 
operators and in diffcnxmt ways^ with more or IokSs happy results. 
Its deUn'minatioii is often one of the greatest commercial interest, 
since it is us(h 1 in domestic*, heating as well as in industrial appli- 
anc(\s, whca-c^ it is necessary to obtain definite, regular working. 
It scawevs also to furnish motive power to gas-engines, in which 
the heat of (‘.oml)ustion is not wit.hout importance. Finally, it 
is well t-o know tiie luait produced in air or watvr-gas apparatus, 
if w(^ wish to rcaicii tiu^ bc^st (;ondition for their producition and use. 

For luxating stcuim-boilca-s gas has givcnn good results and a 
very high (evaporative effect-. It is (*asily rc^gulated, and thus 
any recpiircHl luuit can be produced by simply turning a valve. 
No smokce is gcaierat-cnl, no soot or deposit of any kind produced 
in th(^ tluc'H, and thca-c^ arc* no aslu‘H to take out of the ash-pit. 
The firc*pla(*e seldom uchmIs rc*pairing, and the boikr is heated 
eveady and ivgiilarly, tiu*rc^ b(*ing no dangcu’ of burning out in 
strongly hc'atcnl spots, as no such spots c'xist. 

In metallurgical furnace's, gas possc'sses a decided advantage 
in its long, cic'an, easily managcHl, intenrse*. flame, and this advan¬ 
tage has bcum long r(H*ogniz(*cl. A flame*, of 25 ft. or more in 
Icngtii is easily produ(‘c*d, and it is practically uniform for its whole 
extent. Part of thc^ h(*at usually lost up the chimney can be 
utiliml to h(*at. tin*, air-supply, and no more is supplied than just 
enough for pc'rfecd. (‘omlaistion. 

Using gas as fu(*l cmablc's the mcd-allurgist to use poor grades 
of coal, and all variat ions in ciualiiy may be eliminated, a uniform 
product Ix'ing had l>y storing the gas in a lioldc'r, or by making 
propcu* arrangement of diffc^remt gcmc'rators so that an average 
will b(5 obtainexl. In scwc^ral cases wheu'e hand-fed coal fires have 
been tried against firc's burning gas from the same coal, better 
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CALOUmC POWIOR OF FFFLS 


results have been obtained, due to tin' poHsibility of mor(>, elow'ly 
adjusted regulation. The tests made' at Brieg may lu' eit(>d. 
Here each boiler had 141.25 sci.ft. of healiiig-.surfaei' and .steam- 
pressurc 90 to 100 lb. ix'r sci.in. 

No. 1 boiler Wius hand-fired; No. 2 was gas-fin'd. 'rhe eva[)- 
oration in pounds per pound of ftu'l was: 


No. 

1. 

.. 8. 

,34 

8 . 7-1 

8.28 

■1,02 

2.5lit) 

2.704 

No. 

2. 

.. 1), 

,8(i 
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5,-It 

3.251 

3,1.58 

Increase... 

.. 18% 

V2% 

20'';, 

35';. 

2.5';. 

bc;;, 


HEAT OP aOMIKISTlON OK (iAKK.S KHO.M AXAI.V.SIS 

When the. eheinieal composition of a gas is known exactly, its 
heat of combustion can b(^ correctly cali'ulalc<l: but in abst'ixie 
of a correct analysis, the <‘alorimctcr must be u.sed. 

Knowing the proximate composition of a combustibh' gas, 
that is, the proportion of cln'tnicnlly dcfinctl components ns wt'll 
as their heats of combustion, it is suflicicnt to add the* numbt'rs 
obtained for each constiliu'nt gas. 'rake, for c.xnmph', the analysis 
of iUumiaating g!is of Mancln'stcr as given by Bunsi'n: 


Hydrogen. ■|.5,,5H 

Marsh gas ((dU). 

Carbon monoxhh'. (! ,(H 

Ethylene ((bll^). 4,OH 

Butylene ((\tIlH). 2,38 

Sulphurous acid IlyvS. 0 25) 

Nitrogen. 2. -Iti 

Carbon dioxuk!. 3 07 


ItH).(K) 

The calciulation is ns follows: 
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Cii,y of Manchester ^ 2 ;as, as analyzed by Bunsen, gives, then, 
with (;()inpl(‘t(^ (U)!ul)ustion, ()()99 calories per cubic meter (685 
B.T.U. per cubic foot). 

If, liowtwt'r, only tlie actual ultitnate composition of the gas 
is known or the t,otal ]Hn*c(mtage of (‘-arbon, hydrogen, oxygen and 
nitrogcui, tlu'ii th(‘ (‘ahailatcHl rc'sult will differ from the experi- 
uicntai (n\i\ This is l)(‘<‘aus(^ tlie lu^at units of the elements added 
tog(4h(‘r do not mak(^ those of tlu^ compound, as the heat of com¬ 
bination of the diOenmt (‘onstituent gases is not allowed for. 
If this fa(^t.or is known, thcai it can be us(hI as a correction and the 
corrc‘(‘t heal, dctcainined. 

This luait. of (‘ombination of the ('knnents to form the com- 
poiumt. gaH\s will bc^ stum in comparing the calculated and the 
actual luait of combustion of th(' following gases: 






(’al<'ulat(‘d 

Actual 



Ftn'tmila. 

Carbon, 

Hydrogen. 

Heat, 

Ucat, 

DilTeronce. 





CalorioH. 

(!alorl(‘H. 


Marnh gan....... 

(Oli 

7S. 

25. 

14,665 

n,343 

+ 1342 

Olctliuit Kan., .... 

i',\U 

as. 7 

14.1 

11,859 

12,182 

- 323 

Act'tylcnt'...... . 

C’-iHa 

. 1 

7.7 

10,114 

12,142 

->2028 

...... . 

c'«m 

92.} 

7.7 

10,114 

i 

12,410 

-2296 


It will also In* scnai, that although two gasevs may have the 
same pia’cemtage composition of tht' (‘kanents, yet the heat of 
couibustion may be* dilTcnad owiiig to the action of the various 
physical forctis at work in molcaailar coudcaisation, etc. 

<’UAL (JAS 

(loal gas is oldaiiual by tlu‘ dt^structivc^ distillation of bitumi¬ 
nous or semi-bituminoUH coal in <‘1os(h1 nd.orts. The gas is washed 
and purifkal to natjovc^ tlu* ammonia, tar and other impuri¬ 
ties. Th(‘ rc'sidm' nanainiug in the rc'tort is eok(a 

Ha* lieat of eombustam of illuminating gas obtained from the > 
distillaticm of coal in clowal rc*t<a*(H is very variable. It depends 
not only on tla^ naitm* of the* fued, but also on the rapidity of 
the distillation and the h(*ai by which it is a(aa)mplished. The 
heat of combusticni varices from 570 to 605 B.T.U. per cubic foot. 

It cannot bo repn^Hi^nttal by any mmige number. 

According to Bu(d)-I)(*HHau, the illuminating gas of the same 
city during the same day will sometimoB vary 20 per cent. Dr. 
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Birchiuore roporin ihv sainr rasult fruiti \m ^'KnnunaficniH of the 
gas of Brooklyn, K. V. 

From Hovt'ral (‘xpc'rimonfs wliirh ho luuOo, Btirh-DeaHau* 
thought that llu' lioaf. of romhu.sfiou af illuiiiiuatiiig gan vvaa 
directly proportional to llu* eantllo powor. l1io t'xpiTimenlH of 
Aguitton hIhhv tlu' contrary, lit* ctait'Imhat fnan Itia tlcfcnnina- 
tioiiH that (aich illnminaling gas td‘ ihflVr«*nt rnnillo'ptnvt*r haa a 
definite heat (»f coinhustion wliich corresponds to tia^ intenaity 
of the light. AguiftemH (‘xpcrinicnfs uorc carrioil on with more 
than a hundred Hamplt's, ricii ami poor, tin* torima’ kiml from 
cannel coal, the latter from flic t*iid t»f tlie rtin carriefi fo an 
extreme, lie rt‘preHtmh‘i! hy flic following fornmla tiie relation 
between eandlt^-powcr ami heat of comtiUHtnui of a gas: 

r 22Kf}, 

in which c represenln the heat of comhiislion ami i the cnmlle- 
power. The formula awtm lo he applicahlo only hehveen tlm 


limits at wliich it has \mni vertfitsi fnim A 

fti In euiid!i-‘s. Aguit- 

ton’s ddcrminatituiH wcr<* mmli* with llio c: 

iloriinotrie hiUiih. 

The following table gives n leMime of to 

H olfSi'twIIItiiii.H; 
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i thr(H^ Hai)[ii)l(‘H of illuniiiuitinji!; gas, analyzed and burned in 
nl) by Mahl(‘r and givcai in the table on pa^ 2 ;e 152, call for 
owin^ obnia’vations: (bus from Niddrie cannel coal, having 
at(‘Ht (‘ulorific^ povvca* p(‘r (uibie nud.ca' has the least calorific 
p(‘r kilogram, Ixa'ansc^ its (kaisity is greater than that of 
ua* two. d'hc‘ rieluvsi. in hydrogcai by volume (Ijavillette) 
ow(ss(, in ealorifie povvaa' p(a’ (*.ubi(! meter, while tlie poorest 
rog(‘n by weight, is thn ricluvst in c'alories p(w cubic meter. 
:in‘ diu‘ to t!u' low demsity of hydrogen, which has a lower 
c valu(‘ by volume than tlu^ otlua* hydrocarbons present 
,dnating gas. 

ubi<^ nu‘(c‘r of hydrogeai deaaiops 5091 calori(\s in burning; 

; nud(‘r of marsh gas dt^vtdops 10,058 calories; a cubic meter 
a,nt gas, 15,250 (*alori(*s. 

‘ tabl(‘ hca’cnvith givers thc^ <^a.lorifi(^ valuer of illuminating 
ult‘. fnan dilTercait kiiuls of (‘oal, in clostal ixdorts. The 
'(*rt‘ made* at Ann Arbor, Mich., in 1909 by A. H. White 
any Baker, and ar(‘ rt^portcai in Bulkdln No. 0 of the II. S. 
i of MiiU‘S. 


[ini' VALCK OF nJa*MlNA'riN<J (JAS FUOM VARIOUS KINDS OF 
(*OAL 


cBuOftlii XtK 6, U. S. Humui «)f AlincH, 1911) 
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Naino. 


Niddrie camK*!. . 
(Joimiunitry (‘oal 
LavilUdtt^ Ifan. .. 


Gas gencratorH^ irmti^ad of tntti.4nniiifig tlio find into mrhon 
dioxide and water in a HinglcMHiiitbut-aicdi, firoiliiei* thin efuingi^ in 
two distmei huriiingH^ innking a rniiihtiHttlili* gan wliirh is after¬ 
wards burnexl with air. 

Coal, for example, in hiinual in sueh a nianiier hy fisnling wifh 
an insufficient supply of air that a giiHeoiis mixture is pnidutHHl, 
containing prineipiilly enrlHUi lutincixide and liitriigim from the 
air. As the eoinlnistion has been well or fiiHirly iiiaiingeih it con¬ 
tains a less or grciitca* (piantily of enrboii clioxitle, the prcHhietion 
of which is avoi(l(‘cl an iiimdi as possible. Hus is lioiie by giving 
to the fuel only just t*nough air to furm ntrbon nmiiuxicle, iind not 
enough to form earliori tlioxidi% even parfiitlly, iiial by making 
the bed of fuel quite ckn^p. C arbori thoxide formial in the hnvf*r 
portion of tlie fuel IkhI, tiiki^s up anca!it*r iitoiit tif earluui m passiiig 
through the upix^r part of the fire, itiitl is thus eoiiverfeil to earboii 
monoxide. If the* fuel lied is too slt»al!ow» I his c’onversion will 
not take plaiHx 

The heat produeetl i»y the fnirlhd eiiiiiliiistiiiit to iitrbon 
monoxide cannot he utilised, and taniseqiieitlly iiii iiiifwiiiftnf 
portion of the ladorifitt power of tin* etia! is lost. Cteiieriiftir gas 
is then lower in calorten, and inferior to eofit giis, as eumnionly 

made by distillation. 

One pound of (uirbon Imrned to earlion liionoxidt* profluetss 
^50 B.T.U., while if burned to enrboti dioxide if griieritl4*s M.fKM) 
B.T.U. There is lost, thiuu ill biiriiiiig riirbon In earbon 
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monoxide in a gas ahoul dCI |ht nail of f I a* available 

heat units. 

At first siglit this nu‘t!i<Hl of workifac ^wtns irnifioitiih but 
for ol)tainiiig high (tanperafuros fluav arr firaffic’al ailvantnges, 
whoso importann^ far (‘Xc^nnls Ihr Io.>^s of ht*af \n flir gns goitta’alor. 
It permits muc‘li iuon» <‘levaf«*d amt flu* rn»ovcTy 

of a large portion of the lioal* wliirh in dim*! tHy'-fiim of heating 
in high temp(‘niturc* furiiacH*s panse'^; t«» flie eliiiiiney as a ecau- 
plete loss. Tlun*e is actually an n’oiioiiiy iii the ortlinary metal¬ 
lurgical ineiluKlH (‘ven with this hiss. 

By means of gas genenitors there are proiliieei! three kintls 
of gaseouH fuel: prmltmr tjns, formed l»y t!i«* tiii’’oiit|ilete eomlitistion 
of the fuelj witli thc^ pnalttetioii of a mited |.*as eoiitaiiiing earlKin 
monoxide and hydrogni eompomids: irnitr rids, fiuiiii-tl hy tlie 
decomposition of water hy i%arlKin at a tiigh tirf% witli 

production of carlion moitt»Khle, Iiydn»vem and li>‘drogeii com¬ 
pounds; and mimi formed h> the liaxiniv oi the two pre¬ 
ceding gasc'H liy a pna’css whieli romlain^a thv priiduetii»ii of the 
two gases in the same hirnaee. 

I»HOm*ri',tl OAH 

Prodmer gtm r<*miItH from iiiroiii|ili4«^ rontltiiMtiiifi, iiin! its form¬ 
ation causes a loss oia^-thirii <»! tlif’ !mi! imirs tiiat woiihl result 
from the complete eomhti^tioii nf the fin*! Hn- gas eontnins, 
naturally, tla* tiitrogen of the nir ii«‘d* to ttlueh iiitint Iti* iithted 
that of the air necamnry to eliaiigi^ the raihuii luumivide aiid the 
hydrogen to earhoit dioxiile and wafer, 11ir ul eiiinliiiation 
and the compomtion viirieH ntiiPidi*nil4>. due in \arntfiini in the 
composition lual ciilorifie viiltie tif flu* emit iienl ill ilit‘ jintdiieiav 

The proptaiion id nitrogen in inodtieei gaa ii-'HrliON M to iHl |a*r 
cent; that of ciirhoii monoxide, 21 to 112 |«i* eeiit. that of hyilrogen, 
from traces to 17 per cent, lit** ilii'niiiieii! I’alriilatiiin for flic 
comlaistion of earhon in mr to n gun roiiiaiiiiiig only earliofi 
monoxide and nitrogen gives rt‘w|W’rfiii’!y *14 7 and ttd,d |»*r ctaif. 

The composition of nir In, in niiind iiiifiiltiiM, 7!l piirts of 
nitrogen and 21 parts of oxygen, fixygefi I Idtl grams }M*r 

liter, Ihe atomic weight of earl ion 1*4 12, itifil of tixvg« ti Iti. 


12 : Hi" HMMI griiiiis : HIT! 
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A kilogram of (carbon ikhhIs, then, for combustion to carbon 
monoxide IJ kilograms of oxygcai. Bince a liter of oxygen weighs 
1.430 grams, 1333 grams would occupy 932 liters. These 932 
liters coml)in(‘d with carbon to form carl)on monoxide will have 
a volunu^ of IHO-l lit(a\s. Multiplying 932 liters by the coefficient 
4.77 (s(‘(‘, Tabl(‘ 17), we obtain the c.orrespotiding volume of 
the air or 4^145 lil.(a‘s. The gas(\s of combustion will be composed 
then of th('H(’! 44*15 liUu's of air arid tlu^ 932 liters of increase in 
volunu^, or 5377 lilers of ga,s for 1 kilogram of carbon. The 4445 
liters of air will (‘ontain (at- 79 pta* cent) 3513 liters of nitrogen, 
or 05.3 per ce!it.* 

The calculation is tnon^ complicated wlum we have fuel con¬ 
taining hydrogcm, as oiu^ portion of the oxygen disappears by its 
combination witli tii(‘ hydrogcm to form water. Ta,ke for example, 
a coal {a)ntaining 90 p(U’ cxmt of carbon, 5 per cent of hydrogen, 
and 5 per c(*ni. of oxygcm. Buppost^ 1 kilogram of this coal, under 
theoretical conditions, buriunl in a producer, i.e., with perfect 
transformation of the carbon into (‘arbon monoxide and no resi¬ 
dues. This coal contains 900 grams of carbon, 50 grams of hy¬ 
drogen, 50 grams of oxygen. Niru^ hundred grams carbon pro¬ 
duce 2100 grams (‘arbon monoxide, r(X|uiririg 1200 grams of oxygen. 
Twelve hundrcHl grams of oxygen occupy 839 lit.(^rs. Fifty grams 
of hydrogcm produce' 450 grams of water, and r(H|nirc 400 grams 
of oxygcuL l"hcH(‘ 400 grams of oxyg('n ocuaipy 279 liters. But 
thc^ coal it.H(4f contains 50 grams of oxygc'u, occupying 35 liters. 

We hav(% tlu*n, 839+279 - 35 - 1083 liters of oxygen required. 
The air needcal is 1083X4.77 » 5100 for tin’s incomplete (xunbustion 
of 1 kilogram of carl)on, dlu'se 5100 liters contain 4080 liters 
of niirog('n. 

To olitain thc^ total volunu' of gasc's produca'd l)y the incom¬ 
plete (X)mbuHtion, w(* Hliould add to tlu' volume of the air intro- 
ducjed the volume duc^ to t he formatioii of (tarhon monoxide. This 
is equal to the vokimc^ of tlu', oxygc'U uhchI, or 839 liters. We have, 
then, fdOti + 839 » 0005 liters. But a quantity of oxygen has 
disappeared corresponding to the formation of the water, or 

*()ne penmd of carlxm raquims 1.333 lb. of oxygen; 1 cu.ft, of oxygen 
weighs 0.0H926 Ih,; 1.333 Ih, meiisun^s 14,93 cuit. aiiene would give 29.86 of 
CO. 14.93X4.77"71.210, and 71.210 + 14.93=80.146, volume of gases of 
eombiistion. Thcm^ contain 50.26 euit. of nitrogen. 
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279—35 = 244 likw (35 lilcrn cxisls in the cdul as above), aiul 
0005 — 244 - 57()1 lik'rs of fr'ts iiro<iiice(l hy the i!ie(tiii{ile{(‘ com¬ 
bustion of 1 kilogram of coal. 

Now, 5100 liters of air conlaiii 4071) liters of nitrogen, whieh 

would form or 70.H per rent of the total gas. ,\11 these 

57(11 

are based on a teniiKaiituri* of (I ili%. CVnt. luid a prt\ssiirc‘ of 
760 ranti.* 

Mahler deteniunc'd ihv hoal of r<»inbuHlioii of a aaiiiple c^f 
gas from the Follcanl^rny gIasH-h<»u.se, aiitl htuiid itn caanpoHition 
by volume, usitig eoal from Bethum% iv 1h*: 


Marsh gas....... ... . 


2 

Ilydrogim. 


12 

(larl)oii monoxidi*. ..... 


21 

Carbon dioxide*.. ., . . , . 


0 

Nitrogen................ 


fU) 



100 

The h(Xit of eomlmstion ealeulated from ifn romptwifimi in: 

Marsh gfts... 

. 0 02 , KHCiS 

2(MI H 

Ilydrogcm.............. . 

. 0 12 X 3(HU 

370 !l 

Carbon monoxide*. . . . . 

. 0 21 X 30 lit 

ran 0 



1210.7 

With tile horn!) he* found 1212 v 

'jiIorioH. 


WATKU iim AMI 

f MIXim tJAH 



Wat(‘r gas in proclucial by flu* flt*t‘iiiii|iiii4ifit*ii iif wafor iif high 
temperaiuren by fuela ecaitaiiiiiig but lifilo liyflrii|ci*ii. ntieli m 

♦One peuiMl of eaiil wtnitii rtmlidti gntinti iif fiirlt 4 tii, llfill 1101111*4 tif 
oxygon, find SaO gmiiw cd hydnigen; 0 ,!«l Ih, nf rurhmi |iri«iiiri-‘i Ih, of 
carbon dioxide, and rotiutroi 1.2 lb, tixygiai; t.2 Ib iinnipii^fi i:i.44 

cuifc.; 0i)5() lb. cff bydrtigon lb, tif itnil rt^f|tiiri^>i Mim lb, 

of oxygon, or 4,4H ouit. II 10 llilfi lb. nf hi flit* llXifl 

ouit. Then 13.444*4.48—0,511 ® I7.3fl iif mygiat ret|Wrd; 17 dll * 4 77 '“*'82,81 
ouit. of air, contiuning (15,41 iniit. f»f fiilriip*ii, Ki.i4l4.l‘b44 

-3,92-92.33 totoil volumo of giw, fim! 

05.41 

9233 '7(I,H p*r writ, 
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CAI.OIUFTC VALTTE OF FllODTTCFR GAS MADE FROM DIFFERENT 
VA1UET1E8 OF AMERICAN COAL 
((’otuhMlHC'tl rrotii niillftiii Mo. 13, U. S. Hurtnui of MiiU'S, 1911) 


Kind of Coal. 

— 


MoiH» 

turt‘. 

Alabama...... 

),0^ 

“ ...... 

1.76 

ArkaiiHan...... 

2.74 

“ ..... 

4.27 

California..... 

17.16 

.... 

12.77 

IIllnoiH.. ...... 

11.15 


10. OH 

Imllana.. 

n.H 

“ 

11.51 

Indian Torr.. .. 

9. DO 

** " ... 

5.00 

Iowa,........ 

16,69 

KlLIlHIiM. ....... 

4 15 


4 21 

Ktmturky..... 

4 49 

** . , , ., 

« 47 

MaHHarhuHottH 

49 HO 

MiHHOuri...... 

11 60 

“ 

11 .60 

Montana...... 

a. 56 

** 

11 .40 

Now Mmlvo . .. 

1.79 


2.42 

North Dakota.. 

19.56 

n “ .. 

18.92 

Ohio,_ .... 

8.70 

** 

4 19 

FonnHylvania. . 

2 77 

2 15 

1‘onm‘MiaH^. , ,, 

1 40 

** . . , 

1 55 

I'oxtw........ 

12 20 

t* 

14 08 

tttah., ....... 

5.81 

Virginia .... 

2,16 

** 

4 51 

Wawhlngttm.,, . 

4 01 

“ .... 

16 02 

Wmt Virginia 

1 81 

*« .1 ^ ^ 

2.91 

Wyoming., 

18 26 


8 61 


Coal. 


Vola~ 

1.11(1 

Fix(‘d 

AhL. 

Sul- 

Matt(*r. 

(’arbon. 



I)hur. 

29. 

51 

54. 

78 

12 

,64 

1 . 

15 

11. 

45 

51. 

29 

9, 

,50 

0. 

86 

9. 

70 

71 . 

95 

15, 

.61 

2. 

45 

16. 

04 

67. 

41 

12, 

,26 

2. 

15 

18. 

41 

28. 

76 

15, 

,47 

2. 

96 

26. 

16 

45. 

56 

15, 

,51 

2. 

28 

14. 

62 

40, 

61 

11 

,40 

4. 

76 

12. 

71 

18. 

26 

18, 

.95 

4. 

15 

15. 

II 

46. 

78 

6, 

,98 

1 . 

64 

14. 

80 

40. 

44 

11 

.21 

3. 

11 

11. 

96 

40. 

68 

16, 

.16 

4. 

12 

16. 

51 

49. 

98 

8 

.51 

1 . 

41 

11 . 

42 

11 . 

19 

20 

.70 

5. 

50 

11 

97 

52. 

41 

11 

.25 

1. 

00 

11 

49 

54, 

09 

10 

. 19 

1. 

18 

16 

82 

55. 

28 

i 1 

,41 

0. 

51 

15 , 

24 

46, 

81 

1 

.48 

1. 

60 

27. 

27 

10. 

88 

! 12 

05 

0. 

14 

15 

28 

18, 

28 

14 

.84 

4. 

56 

15 , 

28 

18 

28 

14 

.84 

1 4. 

56 

12 

16 

45 

69 

1 1 

.19 

0. 

54 

14 

55 

41 

.11 

(0 

74 

I . 

,72 

11 

12 

51 

40 

15 

,49 

0. 

66 

14, 

,82 

49 

,21 : 

1 1 

51 

0 

61 

27, 

78 

26 

.10 

6 

16 

0 

,91 

25 

54 

10 

15 

5 

19 

0 

,48 

15 

58 

41 

.61 

12 

09 

1, 

,82 

15, 

.91 

51 

.77 

5 

,91 

1 

42 

11 

94 

54 

.84 

8 

45 

1 

.17 

15 

01 ! 

55 

.18 

7 

.66 

1 

.60 

17 

.58 i 

54 

.27 

4 

,75 

0 

,81 

26 

00 

49 

.88 

20 

.57 

0 

.76 

10 

.11 

28 

.82 

8 

87 

0 

88 

11 

15 

25 

.12 

y 

,45 

0 

.49 

42 

.46 

47 

.05 

4 

,66 

0 

57 

16 

40 

55 

.44 

5 

.80 

0 

,67 

21 

77 

62 

,64 

10 

.08 

1 

.59 

14 

61 

47 

.49 

11 

.89 

0 

.18 

11 

.27 

16 

.81 

11 

. 90 

0 

.59 

14 

14 

51 

.61 

8 

.22 

0 

.62 

n 

,81 

57 

, 19 

28 

.08 

0 

.54 

1? 

. 18 

41 

.82 

2 

.74 

0 

47 

16 

81 

12 

81 

21 

.71 

4 

.47 



Gah. 

B.T.U. 

CaH 

Made 

B.T.U. 

fK‘r 

Pound 

per 

Pound of 

per 
(hibie 

as 

Firtid. 

Coal an 
Firo.d, 

Foot. 


Cu.ft. 


12,951 

75.4 

152.0 

12,865 

58.1 

143.5 

12,546 

6K9 

130.0 

12,773 

8,530 

73.3 

125.5 

32.1 

158.3 

9,474 

39.6 

132.6 

10,733 

45.5 

168.0 

9,958 

41.5 

120.2 

12,011 

55.7 

154.7 

10,924 

55.6 

131.9 

11,392 

56.4 

161.1 

12,787 

51.6 

159.2 

8,735 

48.5 

160.2 

12,816 

60.1 

167.2 

12,967 

66.0 

128.9 

13,747 

64.0 

176.0 

11,986 

55.0 

153.7 

4,241 

25.8 

166.6 

10,505 

55.7 

140.0 

10,505 

40.5 

135.6 

10,685 

43.2 

181.5 

10,575 

45.2 

127,7 

12,542 

63.9 

159.6 

12,501 

61 .0 

135.3 

6,802 

25.2 

188.5 

6,719 

32.6 

145.0 

11,102 

55.3 

170.2 

11,414 

72.5 

152.3 

11,106 

63.4 

159.5 

11,921 

64.2 

126.6 

11,882 

77.6 

167.9 

II.621 

65.4 

133.3 

7,601 

31.9 

171 .8 

7,448 

11,212 

59.3 

156.1 
171.4 

14,080 
11,151 

78.3 

169.0 
138.1 

12,218 

58.1 

168.6 

9,614 

38.2 

144.1 

11.288 

54.4 

171.6 

10,545 

76.8 

106.3 

10.460 

9,851 

41 7 

171.8 

146.6 


autliraci(:i‘, (^hunucil, or coke. Mixed wifii hydrocarbon vapors, 
added to tairicih it., or wiucih may have betm decompomal with 
the aqueous vapor, it is uwhI as illuiniuatiug giis in a great number 
of cities in America. It is also ustid for heating and for gas- 
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engines. Mixed with prodiiec'r gan, it has Inaaime a powerful 
means of heating, espeeially \vlu‘n^ high tcinparalun's dtv wanttaL 

Water gas contains hut lilth' nitrogen; tliis is its main dis¬ 
tinction from producer gas, and that \vhi(*h gives it a spcaaul 
value from the point of \iv\v of tasajonucat heating. 

Aqueous vapor and carhon wheti suhniitlial liigh tcanpt'ra- 
turc, produce earljon monoxide* and liydrogtai. llieoretieally, 
these are free from nitrogeai; hut tla*rc‘ is always present a small 
percentage due to various entisc's. In tin* air gas prodiu’er 12 
kilograms of carhon and Ih kilograms of tixygen latomie weiglits) 
unite to form 28 kilograms of c‘arhoii monoxide. On Iht* otlaa* 
hand, 12 kilograms of earluai and !S kilograms of water form 
28 kilograms of (*arhon moneixide* and 2 kilograms of hydrogen. 
Then 1 kilogram of carhon furnisla^s 2,o kilograms nf gas eomposed 
of carhon monoxide* a.nd hydrogeai. 

One kilogram of hydreigeai lias a calorific \a!uee>f 2!klH2 eaihirms,* 
This also is the (iun.ntity of hc*at ne»ec‘Msary te^ derompose the waftaa 
in the case of the wate*r gas gi*nerator fliese ealortea are fe»rm<Ml 
by the carlion ImrneHl. The* 12 kilograms ef earhun will have te» 
furnish, then, the head ueHi'ssary !<» eleeMgiipose IK kilograms eif 
^ater; that is, 

2 X2iktH2 fiH.tW caltaieH. 

But 12 kilograms of cxirhon, in Iniriiing, geiita’afe only 

12X247:i 2!kh7fleii!e tries. 

To decompose the* wiitca*, them, lltiax* is n aliortiige <if 
5H,()liT-2!ktl7ll 2H,40H viihrivn 

for 2 kilograms of hydrogeai, m M;Jtl ealnrif^H for I kilogram. 
The heat must he furnislicel hy liiiexferiinl sourcix In other tia’iiiH, 
to gasify 1 kilogram of carhon thi*rc must he siipplieel 

14,2CH : (I ' 28117 ciiliiries. 

The heat necewiary for Ifit* decaimptimfion of the waitt*r is 
actually taken from that of flit* prepiirtifory in^riod c»f Itn* air 

* Wfttcr iif^ viif^ir. 
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gas prodiicc'rj whic^h inak('s a loss of oiuvtturd of the total calories. 
In burning t.!u‘ watta- gas nuuk^ under tluvse conditions we utilize 
a part of Gu' hc'at. wlu(‘h would liav(^ Ikhmi lost by the air gas 
producer only. 

Tlu^ (k'composition of waller by carbon is not as simple as 
would app(‘ar from th(^ cHpiation 


lIo() + (] = (K) + Il2. 


The lower port ion of th(‘ find of the gas producer burns to carbon 
dioxide on a(‘coun(. of air bca’iig prc'scait; in the upper portion the 
nau'tion iak(\s place' b(dw(H'n tlu^ gasc'ous products formed in the 
lowc'r portion and tlu' lu'atc'd carbon. The carl)on dioxide is 
tiu'n in (‘ontaed. with tlu' luaited carbon and is reduced to carbon 
monoxide: 

C+Cih^2CO. 

Thus, tht' n'action with thc' water would be 

r)n2()+:K: -2(X)2+(d)+ioii; 

carbon dioxide bcdtig n'dinaal to carboti monoxide in the final 
reaction, as In tlu' case' with t.hc' air gas producer. 

Niiu' kilograms of acpa'oiis vapor and (> kilograms of carbon 
prochuH' 1 kilogram of hydroge'n aiul 14 kilograms of carbon 
monoxide', tliat is, a mixe'd gas is produced containing about one- 
half its vohntu' of eacli gaa. 

C)n<‘ cubic* metcT of hydrogem wc'ighs 8*5,5 grams, and a cubic^ 
metc'r of (‘arlmn monoxide, 1194 grams. Then the volumes 
oc'cupic'd by c'ach gas would be 11.99 for hydrogen and 11.13 for 
carbon monoxide, or 51.23 pc'r ('C'lit. of hydrogen and 48.77 per 
cent of c'arbon monoxide. 

From the fori'going aet'ount, it will l)e hch'u that the intc'r- 
mittcad. flow is a <‘ausc' of gn'ai loss of hc'at in tlu^ working of thc^ 
watc'r gas produec*r; hut wlic'n a gas is wanted sok'ly for heating 
at high t('m|K'raturc'H, it may 1 h' ohtaim'd l)y a mixed system 
working c'ontimtously. The procluec'r is fdk'd with a mixture of 
air and steam, the air In'ing <‘mployed in tlut projK^r proportion 
to keep tip the ht'ai m't't'ssary, or, in othc'r words, to furnish by 
the comhustion of part of carbon, the' number of calories 
necessary to the gaeificaiion of the remainder. 
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CALOIIIFIO POWER OF FEELS 
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PHODIK^FJI AND WATER GAS 
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ANALVSKH OF PITTKBUUGIl NATURAL GAS 



1 

2 

3 

4 

5 

6 

llydroire'ij.... . . 

<). 64 

14.45 

20.02 

26. 16 

29.03 

35.92 

Marwh gu.s. 

‘>7.a5 

75.16 

72.18 

65.25 

60.70 

49.58 

< ra.M.. 

0.60 

0.60 

0.70 

0.80 

0.98 

0.60 

niuniiuaiUH, 

5.20 

4.60 

3.60 

5.50 

7.92 

12.30 

Oxyxt'ti. . . ■ 

2. 10 

1 .20 

1.10 

0.80 

0.78 

0.80 

< 'arbcHi iiUHioxido 

1 .00 

0 . to 

1 .00 

0.80 

0.58 

0.40 

(’artnai . 

0.00 

0 to 

0.80 

0.60 

0.00 

0.40 

Nitrtac'H . . . 

it.41 

2 m 

0.00 

0.00 

0.00 

0.00 


From UiF of thp it will lx* readily seen that it 

Ls a valuuhli* souox* of hc'at, tli<‘ calcHific! povvca* reaching 10,000 
(‘alori(‘s or 1100 li/lML pea- <nihi(^ foot. It Ls used for domestic 
purpom^s, st(\n.nR glass making, iroii mills, brick burning, and 
in num<i‘(HLs otlua* ways, and until naxmtly, used wastefiilly in 
all. 


As eomparcHl with coal, 57.25 lb. of coal or ()3 lb. of coke, are 
about (Hiual to 1000 (‘u.ft. of the gas. The actual equivalent in 
Htcauning or furmua^ work varit\s witii the furnace, and probably 
with tli(‘ p(‘oplc' using it. l<kiuivalent values of 14,000 to 25,000 
eu.ft. p(‘r ton of coal arc* r(‘p(a*t(Hl, and hardly any two users will 
giv<‘ the* Sana* yield. 

In all cast's wht'rt' tins gas is ustal tlie chi(‘f claim made, in 
addition to I host* of ga.Hc\s gtaaa’ully, has h<‘en (*heapneas, and 
it laiH beam Holtl without any rt'gard to its actual value. A com¬ 
parison of its value' with that of otlu'r gast's is given by McMillan 
in tht' Ht'port <4 the^ Ohio (leological Hurvey, vol vi, p, 544, 
as follows: 


HKK) ft. natural gas will t*vaporatt*.....893 11). of water. 

loot) ft. (*oa! gas will c*vaporntc* ..591 lb. of water. 

KKK) ft. w^aitT gas will t'vaporattv . .. .262 lb. of water. 

1000 ft. prtHluct'r gas will t'vapta’ab'. ..116 lb. of water. 


Tht' llnitc'd Htiitc's Burmu of Mines colk'cted samples of 
natural gas as supplicHl to 25 cilk's in the United Htates and sub- 
jectc'd iluan to c4uanit‘al analysis and (‘ahaimetric determinations. 
The results art' ptiblishcHl in Tc'clmical Pafn'r 109 from which the 
following table is eonth*nst'd: 
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C1AI/)RIF10 VOWKli (IF FI*!%LH 


ANALYSIS AND UALOHIFK' VALfK OF XATFEAL <;AH 


Location. 


’’roxarkana, Ark . ,. 
NohldHvillt*, 111(1.. . 
Ijcavt^nworth, Karw 
LoiiiHvlU(\ Ky..... 
ManHOold, La.. . . . 

Joplin, Mo. 

Alma, N. Y.. 

BulTalc), N. Y ., .., 
(-inrirmati, Ohio... 
cnovolaml, Ohio.. 
Mart(‘tta, Ofilo.. . . 
Hprlnfi:tN(L Ohio . 
(dudHoa, Okla., . 
Nowata, Okla. , 
PawhuHka, Dkla.. 
Oil <’lty, Pa . . .. , 
Corairana, 'r(‘xaH 
Dalian, Timm, ,. . 
Ft. Worth, T(*xaH, - 


PittshurKh nidunil guH wjis !iiialy/<il fn ,,f ahunHt, 

ono year. The gus rcniaiiii'd rciuarknliK m 

although taken from tminy (litTerciil 

The maximum, minimum mai avenw l•aIo^i^ie vnitK's of (lu! 
several analyses, together with the eorrenj»om!ing eomposition, are 
as follows: 

COMPOSITION AND ('Al.Oltirif VAI.I'j: ol I‘| t not %VII UAI. (!AH 

_______. '* S.'diMiitiglfHl SiifV.ij, 1 .•I'tKiti !)•( 

ft I I |«'t t S||«|, I *„t| 

ill iftti liiia i 

.\i i ilir 

j II' f i #»li i ^ 

l/t« ID*/ tl 

« li«/ i IIP# ■ II 1,4 

II i i t /fPi I j 411 II 

Ihf^ variation in tlip mmimmthm iiinl rnturilir junirr of iiiitiirnl 
gas fw)in (lifTcnxniioil finlilM ill pxiiiifilifipfl hy iftp tulili* cm im^it 
from Bulletin No. m of ftii* of *\liiiPM, uliirfi 

analyses of natuml mmm fmm oil hmlmi in tmrimt 
of the United Statea. 
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ANALYSES OF NATURAL GAS PROM VARIOUS LOCALITIES 










Heating 

lhiU\ 

OllfifUl.M. 

Stato. 

COjj 

Oa 

Na 

cm 

CzlX, 

Value , 
B . T . U . per 









Cu.Ft. 

1909 

Santa Marla 

Cal. 

15. $ 

0.2 

1.4 

62.7 

20.2 

1044 

1910 

'Porrey 

( 'al. 

6 8 

0 0 

3.4 

54.2 

35.6 

1240 

1910 

( ’tntlinK**' 

('ak 

111 

0.0 

0.9 

88.0 

0.0 

937 

1909 

McKittrlck 

( 'ak 

to. 4 

0 0 

2.4 

66.2 

1 .0 

724 

J 909 

w. Loh Afac'it'H 

Cal. 

1 .0 

0,1 

5.2 

91.0 

2.7 

1019 

1909 

Hunma 

Cal. 

10.5 

0.0 

1.8 

87.7 

0.0 

934 

1909 


( 'al. 

1 ,7 

0 0 

2. 1 

86.7 

9,5 

1100 

1909 

K<n*n l{iv«»r 

< ‘ak 

6.5 

0 0 

1.2 

84.3 

8.0 

1047 

1911 

( ‘lariou 

Fa. 

0.0 

0.0 

l.l 

96.4 

2.5 

1073 ' 

1911 

Fort'Ht 

Fa. 

0 0 

0.0 

1 .0 

70.8 

28.2 

1279 ‘ 

1911 

i 'larinu 

Fa. 

0.0 

0.0 

1.7 

80.5 

17.8 

1189 

191 1 

Bullnr 

Fa. 

0.0 

0.0 

0.9 

53.3 

45.8 

1420 

191 1 

ArniHtrorif? 

Fa, 

0.05 

0.0 

1.45 

81.6 

16.9 

1184 

1912 

n<)ltHhc)otnr 

okla. 

1 .1 

0.0 

4 . 6 

94.3 

0.0 

1004 

1912 

Ort*fk 

<lkla. 

2.4 

0.0 

1 .8 

64.1 

31 .7 

1273 

1912 

Uarrtnj 

Ky. 

2 5 

0 0 

1 .3 

23.6 

69.7 

1548 * 

1912 

Harrnii 

Ky. 

2.6 

0,0 

5.1 

44 . 1 

48.2 

1367 

1910 

Uriuul 

Utah 

1.6 

0.0 

5.6 

90.8 

0.0 

967 

1910 

Griunl 

Ftah 

1,5 

0.0 

6.5 

90.0 

0.0 

969 

191 1 

( 'rawfiinl 

Fa. 

0 0 

0.0 

2.3 

6.6 

91.1 

1765 

1910 

‘rinantnnk 

Or«‘K, 

0.1 

0.0 

97.9 

2.0 

0.0 

21 

1910 

t luirchill 

Nov. 

1 t 

0.0 

3,1 

95.6 

0.0 

1018 

1914 

i 'uyabiara 

Ohio 

0 0 

0.0 

1.3 

80.5 

18.2 

1196 

1914 

Frank 11 fi 

Ohh» 

0 0 

0.0 

1.5 

80.4 

18 . 1 

1193 

1914 

llainlltun 

Oltio 

0 0 

0.0 

0.7 

79.8 

19.5 

1213 

1914 

Erin 

N. Y, 

0 0 

0 0 

4.9 

79.9 

15.2 

1134 

1914 

J iw|H'r 

Mo. 

0 6 

0.0 

2.5 

92.6 

4.3 

1066 

1914 

,n9Ti*rMnn 

Ky. 

0 0 

0 0 

1.8 

77.8 

20.4 

1205 

1914 

I OUliw 

Tfx. 

0 1 

0 0 

38.4 

50.6 

10.9 

742 

1914 

Nowata 

Okla. 

1 1 

0 0 

2.2 

96.5 

0.0 

1038 


OIL OAB 

are sovoral proec^sBC's for producing gas from oil, usually 
petroleum or its dcTivativc^s. Some', of them decompose the oil 
hy mtmuB of heat alonc\ whiles others use steam, or steam and air 
togcdhiT. Th(i most Hueati'SHful pure oil process is the Pintsch; 
this is used extensivedy in the larger eiti('.B of ICurope and America 
to obtain gas for illuminating cars on railways. The gas is made 
by allowing the* oil to fall drop by drop on a strongly heated 
aurface. (bmplc't dc*(*omposition octnirs, and a gas of high candle- 
power is forimal This is (‘olkudiKl, and after compression sup¬ 
plied to th<^ t'fmsumers. It losc's some 20 pcT cent of the illumina¬ 
ting {M)wer during eomprc'saion. As a source of heat, its use is, 
so far, very limik'd. 

The Arch(*r gas process is somewhat similar to the Pintsch, 
but the products of d(*composition are generated at a eompara- 

(Cmtmued m page WB ) 
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CAXORIFIC POWER OF FUELS 


tively low temperature, and then superheated subsequently so 
as to make the gas permanent. This gas is used for metallurgical 
purposes, but its use for heating boilers is limited. 

The other gases made with steam or steam and air have been 
advertised or pushed as fuel gases for several years. Many 
plants have been established and failed. A few of the most 
prominent are mentioned in the tables. 

COKE OVEN GAS 

The following table shows the calorific value of gas obtained 
from an Otto by-product coke oven. It is reproduced from a 
pamphlet published by the United-Otto Coke & Gas Co. of 
New York. The analyses of the coals from which the gases given 
in the table were made are not known. 


ANALYSES OF ILLUMINATING GAS FROM UNITED-OTTO BY-PRODUCT 
OVENS, RETORT COAL GAS AND CARBURETTED WATER GAS 



Coke Oven 
Gas. 

Retort Coal 
Gas. 

Carburetted 
Water Gas. 

Hydrocarbons. 

5.8 

3.83 

11.32 

Methane. 

40.8 

35.90 

20,48 

Hydrogen. 

37.6 

48.49 

29.35 

33.19 

Carbon monoxide. 

5.6 

6.61 

Carbon dioxide. 

3.7 

0.12 

0.17 

0.32 

5 17 

Oxygen. 

0.4 

^0.00 

Nitrogen. 

6.1 

5 05 

B.T.U. per cubic foot. 

730 

669 

1 

719 



OTHER GASES 

Gas has been obtained from the destructive distillation of wood, 
rosin, fats and other materials. They have been used principally 
for iUumination and seldom if ever for heat. They are now made 
only in exceptional cases. 

Blast Furnace Gas. The waste gases from blast furnaces 
have come extensively into use fo^ the generation of power by 
means of gas engines. They consist of a mixture of carbon 
dioxide, nitrogen and carbon monoxide, the latter being the 
combustible portion of the gas. The exact composition varies 
with the working of the furnace, a typical analysis by volume 
being 
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CO 2 
CO. 
0 . . 
N. . 


7.08 

27.80 

0.10 

65.02 


The calorific value of blast furnace gas is from 85 to 100 B.T.U. 
per cubic foot. 
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THE COMBUSTION OF COAL 
THE AIR REQUntEI) FOR (’(KMBCHTION OK C’OAL 

The aniouui of air H^iuinMl for Iho roRiluistion of t‘onl dc‘|RBulH 
on the aiialyniH of th(‘ coal, nanicly on fhe ainounf of carbon, 
hydrogen, oxygen and Hul})lnir. 'Fhe aloniii* weights of fhe sc‘vta'nl 
constitueniH and tlu‘ jm^portions in which tliey combine with 
the oxygen of the air also havt^ a !>enring on tin* problem, dims, 
the atoinic wcaghi of carbon Ls 12, and that <^1 tjxygen in IP. Mach 
atom of carbon liurncal to carbon dioxide eombint^s with twcj 
atoms of oxygcm in tlu‘ prcn'css. d1ie uetght o\ oxygen then 
required for ttu* compk^it' comlaisfion td I lb. of canrlKin wanild 
be in the ratio of I2 : (2XH)) or 2,hh lb. If the carbon is burned 
to carbon monoxid(‘ instdid of tc» carbon ilio\nk% the one atom 
of carbon would combine* willi taje oxygen and the weight of 
oxygen required-would Im* as I2 : Hi or I.d'l lb. 

Similarly, Hie hydrogem will unite with ttie oxygeii in the* 
proportbn of erne* atom of liydnegen fo two atomH of oxygen, 
forming watcT. The* atomic weight eef liyflrogen is J and flai-efore 
the weight of oxygen r(i|uireel for the eonilnrHfioii eef one fioiiful 
of hydrogen will In* as (2X II : lb, <er K Ih. of oxygen. As re^giirds 
the sulphur, whie*h hums to Hulpliiiious arid, St its atoiiiie* weight 
is 32 and two atoms of tixygen are rei|iiired for ea«‘ti atom of 
sulphur. The amount of oxygen reqiiired fti burn I !b. of mil- 
pliur will he as 32 : (2X10) eer I Ib. of oxvgim. 

In praerHei*, emmpk^ie* roinbustioii is sekloiii nflaiimd with 
solid fuels, pari of tlit* eiirbon tiling biiriied io ritrlioii monoxtilt* 
instead of to carbon dioxide. Furtlieriiion* iiii excess of air over 
the theoretical reriuirenamts is neeessnrw Tlie-^ vwvh^ ninges in 
the neighborhood of 20 pei* c'eiit. The rnleiilntioii of fhe air 
required to Imrii 100 Ha of nml will In« ns AHtuiine flie 

analysis of the coal to Ir HB (h H II, B 11, I H, I N. 11ie oxygen 

111) 
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required for the combustion of tlie combustible constituents may 
then be tabulated, assuming that 5 per cent of the carbon is 
burned to carbon monoxide and that the remainder burns to 
carbon dioxide. 


Carbon to CO 2 . 0.95X85X2.66 = 214.80 lb. oxygen 

Ckrbonto (X). 0.05X85X1.33= 5.65 

Hydrogen to H 20 . 8X8 = 64.00 “ 

Sulphur to S ()2 . 1X1 = 1.00 '' 


Total. 285.45 


Of this total of 285.45 Ib. oxygen, 5 Ib. was supplied from the 
oxygen of the fuel. The remainder, 280.45 lb. must be supplied 
from the air. Air is a mechanical mixture of oxygen and nitrogen 
in the proportion, by weight, of 23.15 and 76.85 respectively. 
It. also contains an insignificiant quantity of carbon dioxide, which 
for th('. present purpose may Ix^ n(‘gl(Xit.ed. The amount of air 
that will be required theoretically to burn 100 lb. of tlie above 
coal tlicn will be 


280.45-^0.2315=1211 lb. 

Air at a tempe^rature of 62 deg. Fahr. and a pressure of 29.921 in. 
of tnca'cury wcughs ().()7()()8 lb. pea* cubic foot. Therefore the 
volume of air requircxl will be 

1211 -■-0.07608= 15,917 eu.ft. 

As an (excess of 20 pc^r (xmt will be needed, the total amount of 
air nxiuinxl will b(^ 


15,917X1.20=18,236 eu.ft. 

The calculation may he soiiuavhat simplified by using the 
proportion of air to oxygem by w(‘ight, 4.320. Tliat is, for every 
pound of oxygtai lUHxk'd then^ will Ixi nxiuinxl 4.320 lb. of air. 
Hen(‘c to supply 280.45 11). of oxygem, th(T(^ must be supplied 


280.45X4.32 = 1211.6 lb. of air. 
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The amount of air utilized for eomlniKtion per ixniiul of earl)On 
may be determined from the. analysix of tlu‘ flu(‘ pisc'.s us follows: 

The analysis of the Hue will show the res[)eetivi' pi-reent- 
ages of carbon dioxide, oxygem, earl ion monoxide and aitrog(;n. 
Bearing in mind that the atomi<! w('ight of earluui is 12 and of 
oxygen 16 , orVu of the wtdght of the(’(h.,und '•-/r.s <»r of 
the CO will be carbon. If tlui pcn-emitage by weight, of the K<!veral 
constituents of the dry Ihui gas Ix' repn'senti'd by their elumiieal 
symbols, then the weight of dry gas i)er i)oimd of carbon will be 

CO 2 +CO 4 -O+N 11)1) 

yurX)^+y7(X) •VnCOi.-l •' ,■( ’<)■ 

If B is the percentage of carbon in llu* coal, them the <lry gas jwr 
pound of coal will be 

ltK)/l 

Vu('’()2-HV7<’0’ 

The relative! chinsitie's of the* s(>v('ral gases are 


Carbon dioxide, ('(>2 . 11 

Oxygen, 0. K 

Carbon monoxide', (X).. . . , 7 

Nitrogesn, N. 7 


If the pc!rc('ntage by volume of th(' several const it ueni.s of the 
diy flue gas are. known the (piantity of dry gas jH-r poiiml <»f carbon 
may be found by multif)lying each of (lie terms in tlie first formula 
above by the relatives density of the (’onstituent which it repre¬ 
sents. Thus 


Dry gas ptsr lb. of t 


net).. I K()4 7<'() 1 7N 
nx ', id'O;; t 7 • •' ,(•(> 


lHX);rt KOI 7(('0 | N) 
;!!<’( )..| CO) 


and the dry gas per pounrl of coal will 1 h* 


B 


'iKXIa l HO| 7f('O+X) 
atCOalCO) 


The carbon in tte g,mm is obtained from thi- fuel. Th«> 
nitrogen is obtained from the nir with the exception of a rc'la- 
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tively small amount from the fuel. The oxygen comes from both 
the air and the fuel. Since the air consists of 76.85 per cent by 
weight of nitrogen or 3.32-^4.32, the quantity of dry air required 
per pound of carbon can be determined from the gas analysis as 
follows: Let N be the percentage by weight of nitrogen in the 
flue gas and n the percentage of this quantity due to the nitrogen 
in the coal. Then 

4 32 

Dry air per lb. oarbon-j-p^^^j^Xj-. 

The quantity of nitrogen represented by n is insignficant 
In the example cited in the first part of this chaptc^r, the 280.45 lb. 
of oxygem tlieoretically necessary were supplied from the air. The 
quantity of nitrogen in the flue gas supplied from the air then 
would be 

280.45X3.32 = 931.09 lb. 

As an excess of 20 per cent of air was supplied the total nitrogen 
from the air in the Hue gas would be 931.09 + 186.22=1117.31 lb. 
The nitrogem suppli(xl from the coal itiself is but 1 lb., and there¬ 
fore the value of 'n in the (‘,xampl(^ cited is 

10(){ I (1117.31 + 1)} = 0.089 per cent. 

Air Supply Required for Different Grades of Coal. William 
Kent* givers thc^ following formula for determining the amount 
of air r(X|uired to burn dilTcn'ent kinds of coal whose ultimate 
analysis is known, bastxl on an (^X(‘,ess of air of 50 per cent above 
the theor(4i(‘al amount, ixxjuired for complete (tombustion. 

Lb, air per lb. (X)al= L5X[11.520+34.56(11 -“VhO)], 

C, H and 0 Innug rc'spcx^tively tlui (jarbon, hydrogen and oxygen 
in 1 lb. of cx)al, or tbe^ pcn'ccubagt' divided by 100. Dividing the 
result by combustible or by tlu^ carbon in 1 lb. of coal gives the 
pounds of air reciuircxl per pound coml>ustible or per pound carbon. 

Oalculations of tlu^ air supply for tlu^ several varieties of coal 
whose analyses are given in the following table, give the results 
there', shown. 


* Htoam Boiler Economy, p. 36. 
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ULTIMATE ANALYSES OF OOAL DUIFD AT 105" (L 


Kind of Coal. 

Anthra¬ 

cite. 

Semi- 

antiira- 

S(‘ini- 

bitumln- 

Hituniin 
OUH, Pa. 

Ritumin 

iHlH, 

Lig 

'I'v 

'uite, 

'Xas. 

('rude 

Oil, 


cites 

OUH. 



Oilio, 


'r<'xaH. 

Carbon. 

76.66 

76.32 

86.47 

77 

10 

75 

82 

64 

84 

84.8 

Hydrogen. 

2.63 

3.63 

4.54 

4 

57 

5 

06 

4 

47 

11 .6 

Oxygen. 

2.27 

2.25 

2,68 

6 

67 

10 

47 

16 

52 

1 1 

Nitrogen. 

0.62 

1 .41 

1 .08 

1 

58 

1 

50 

1 

H) 

o.a 

Sulphur. 

0.78 

2.0i 

0 57 

0 


0 

8i 

1 

44 

1.7 

Ash. 

16.64 

12,36 

4.66 

0. 

18 

6 

i » 

n. 

43 



POtINDH OF AIR REQUIRED FOR COMRUSTION 


Per lb. dry coal. 
P(‘r lb. comt)UHt" 

14.50 

15,27 

17.12 

15 26 

15 04 

12 45 

ible. 

17.30 

17.42 

17.06 

16 81 

16 05 

14 06 

Per U). carbon . . 

16.66 

10.50 

10.40 

10 65 

10 84 

to 21 


Having tfic proxitnaic^ analysis laily, a uIosc‘ approximation to 
the number of pounds of air r(*(iuirecl p(‘r pound of romhuHtililc% 
in order to hav(^ Uui air supply 50 pm* etait in t‘xec‘sa, in ns follov^ : 


Pinnififi, 

Anthnu‘it(' and Hemi-anlbrat*ife, , . . . , . 17.4 

Semi-bituininoUH. ... , . , . . ps.O 

BituminouH, PennHylvania.. . .. |7 0 

BituminouH, Ohio. . ifpp 

Lignite, Texas. ............ ., . 14.0 

Crude oil, Texas .... . . 20.0 
















CHAPT1^]R X 


CALORIFIC POWER OF COAL BURNED UNDER A STEAM BOILER 

A i.rial or boiler lost is a measure on a large scale of 

the h(‘at obl-aiiUMl by burning ibe fiuJ used under the conditions 
t)r pra(di(‘.(‘.. Instxaul of ihi) calorific value of the coal or other 
fiud bcung found in B/IMJ. or caloru's, it is given as the evaporation 
of a ccahain numb(n- of pounds of wai-er from and at 212 deg. Fahr. 
This may Ixi as tlu^ (evaporation per pound of coal “ as foxx!,” 
that is with the moisi.un^ a.nd a.sh not taken into account. It also 
may Ine giveen as flue cevaporalion peer pound of dry coal, and peer 
pound of combustible. 

Th(‘ obj(e(ets of boiUer trials ane: (1) To asceertain the quantity 
of wadta* (hat will be (evaporalxed by a given (quantity of fuel, so 
that it may be (eomparxxl with other fiuhs. 

(2) 1\) (ktcermiiue the (evaporativee power of the boiler xmder 
(he (‘xisthig (eoiulitions. 

(2) To compajxe diffcertait methods of burning the fuel, such 
as dinVixmt. (ypevs of grata's or st-okers. 

Th(‘ (wo lal.(.('r obj(‘cts are tlu^ principal ones for whiceh boikr 
trials ajx' imidte. An (waporat.ion t(‘s(. is ii (‘umbrous nudhod of 
d(l.(ainining tlae rclal.ivce (‘alorifu* pow(‘r of diOeixait fiuls, as there 
ajxe too many ceonditions that (eannot. lu' brought, under absolute 
(‘ont.rol, and Uu* information can bc't Ua’ b(‘ obtaiiuxl in the labora¬ 
tory witli th(' (‘aIorim(d.('r. Tlue calorimetric tests, howxevc^r, will 
not tell what thee (‘tiickmey of (h(' fuel will be whem burned under 
th(‘ (XHididons of pra(^t.i(‘(‘. Tlu^ arrangtmumt of the boikr plant, 
the method of firing, th(‘ air supply, tlu^ rat(‘ of driving and a 
number of otlua* fac^txu's all have an infliKuux^ on the amount of 
h(‘at tluit the boilcu* will absorb from (xidi pound of coal burncxl, 
and tlic^ magnit.uck^ of tlu'se scweral influencxvs (*4in be ascxwtained 
only by ixuxins of tlu'. boiler t.(\st. The boikw test will not only 
give information as to the (evaporative power of the find under 
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the existing conditions, but will nlso show the dislribution of 
the losses of heat, as in the flue gasc's, ash, vU\ 

A boiler test is made by wc'ighing ihv (‘oal uscmI by the; boiler 
during a certain length of tim(‘, pn'ferably not. l(\ss t lain (‘ight. hours, 
and measuring or weighing the amount, of wator h'd t.o it during 
the same period. Observations a.r(‘ mad(‘ at frtHiiumI intca’vals of 
temperatures of the feed waU'r, st.(‘am, flu(‘ gas<\s, and atmospluux^, 
and of the pressure of the st.eam a.nd th(‘ fore(‘ of l\w draft.. From 
these data the performance of the boika* can b(‘ (‘aleulatiHl. Tfu^ 
test should be carried on according to tlu‘ boika* t(‘si. c‘od(^ of t.lu^ 
American Society of Mechanical Fngin(‘(‘rs, whicfli is a.bstra.(‘t(Ml 
elsewhere in this work, (kaupkde din^ctions arc* tlica-c* givc^n as 
to the steps necjessary and the* pr('(‘autions to be* o!)sc*rvt*(l and thc^ 
reader is referred to it for furth(‘r iiflormaticm cm tliis sul>jt*(d.. 

Coal Analyses. The compositiou of the* <*oal uschI (‘a.u l)e 
expressed either by a proximate* or an ultimate* analysis. Tlu*, 
proximate analysis detc*rmine*H tlie pe'rc*(*ntage‘ of meant ure*, ash, 
volatile matter and fix(*d (*4irl)on in the* coal. The* ultimate* analysis 
resolvexs the eml into thc^ pere*e*ntage*s of carbon, Iiydroge*n, oxyge‘n, 
nitrogem, and sulphur contaiue*d in it, irn‘spe*etivc* of the* mumH*r 
in which the^y are c,oml)ine*d with c*acli othc‘r. For all practical 
purposes the proximate analysis furnishe*s I lie* ne*(*e*Hsnry informa¬ 
tion in regard to the^ calorific value* of the* conk The* inc*tliod of 
making it will Iw briefly de*scribc*d, for iue*thodH of mukiug 
ultimate analysers the^ r(a.de‘r is re*fe*rre*d to works on t‘lie‘miHtry. 

In making a proximate* analysis, a small c|unntit>% say one* or 
two grams, which is a r<*prc*se‘ntative* sample* eif the* <‘nfin* lot. of 
coal is weighed into a p(*rfc*e‘tly dry cru<*ihk‘. Tlie* moisture* is 
then driven off by he*ating the* (‘oal to a tcmp<*ratur<‘ of from 2*10 
to 280 (kg. Fahr. Early c‘Xpc*rim(*iib‘rH !ie*ld tliat te» lieat it above* 
212 de^g. Fahr. drove olT a pa.rt of the volatile miiff<*i\ but it ha.H 
!)een shown by Kemt and (!arpc*nfe*r* that there is no toss of volatile* 
matter at temperature's Ik'Iow :I50 di*g. Fahr, with bituminoUH 
and semi-bituminouH (‘oals, and at tc*m|M*ratiires e^f k‘HH limn 7(M) 
degrees Pahr. with anthracite*. The* moisture* having b<»t*ti driven 
off, the crucible is (*1 osch 1 aeid Imnte'd to a re*d la*at until there* are! 
no more fumes or gas(*H givc*n off. Tla* we*iglif of fue*I re*inainiiig 
in the crucible is them noted. The* fixed earbein is detertiun<*el liy 
* Bteam Boikr Eccmoitiy, p, BWi, 
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lieatiripi; rcfsichu^ in Uio (5ru(ul)lo, tho cover being removed, 
until nothing r(',mains hut the ash. In order to consume all the 
fix(Ml c,ar))on it may 1)(‘, nec(‘,ssary to introduce a gentle stream 
of oxygen into the crucil)le whik^ the heat is being applied. The 
weight of the n^sidiu^ is again noi-cal and rec^orded as ash. Thedif- 
fennKa', between tlui winglit of tluj r('.sidue attcu* the volatile matter 
has been driven off, and the weight of the ash is the weight of the 
fixed (uirbon. Th(‘- diffenmee l)etween the weight of the dry coal 
and that of the r(‘.sidu(^ after driving’; off the volatile matter is the 
weight of the volatile matter. Tlu^ difference between the weight 
of thc‘. original sample and of tlie dry coal is the weight of the 
moist,ur(^. These various weights are tlum expressed as percent¬ 
ages of the weight of the original sam])le. The completion of 
ea(^h of th(^ stweral opc^rat-ions of determining moistun^, volatile 
mat.t(‘r and lixcal (‘arbon (*an be ascertaiiUKl by weighing the 
sample^. s(W(a’aI tinuvs in suc.cx^ssion, applying thc'. heat between 
ea(di w(ughing. Wlum the weight becomes constant, the opera¬ 
tion ca,n b(^ regankul as finished. 

In (k'txn-mining th(^ moisture', in the coal it is rc^jornmended that 
a kirg('. sample tx^ us('d, wc'ighing from 5 to 50 lbs. The use of a 
sample of one or two gra.ms is apt to givc^ incorrect results in 
H'gard t.o moisture, for t-lu^ ix'ason that in (U'rt-ain e.oals the mois- 
t-ure is lu'ld in tlu^ (Xial by (capillary at.t.ra(;tion, and when the coal 
is pulvc'ri/x'd prior to its int,roduet,ion to the (anKable some of this 
moist-urc^ will (waporaU^ int,o tlu^ atmosplu'rc' bcTore the coal can 
be weiglual. By using tlu' large' sampk', th(^ (oal can be dried 
in the condition in which it is r('ceiv('d, a,nd this loss due to air 
drying avoided. The ret,('ntion of moist,un^ by capillary attrac¬ 
tion is also the reason for luxating th(^ camI to 250 deg. Fahr. or 
more', a,H moist ure' sei re'tained will neit lie driven otT at a tempera¬ 
ture mueli lie'leiw this. 

UnATINO VALtIK e)F e'ONSTITUKNTH iW VOAh 

(Jomnioiitiiig on hc'atiiiK valuo of tho various constituents 
of th(^ coal William Kent * writc's; 

(loal is composed of four dilTcrcni. things, vvhi(!h may be sopa- 
rat(Kl by proximate analysis, viz., fixed carbon, volatile hydro- 


* Hitmra Boiler Economy, p.'54. 
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carbon, ash, and irioisiuro. hi making a proxiniabi analysis of 
a weighed quantity, such as a grain of coal, the nioisiure is first 
driven off by heating it to 250 or 2cS() d(^g. 1^'ahr., tiicui t.hct volatile 
matter is driven off by heating it in a. c.Iost'd crucibles to a red heat, 
then the carbon is burned out of tlu^ remaining (!ok(^ to a whit(‘ 
heat, with sufficient air suppl^y, uniil rjothing is h'ft but, t.he ash. 

The fixed carbon has a constant lH‘ating valium of about 1*1,(K)) 
B.T.U. per pound. The valuc^ of tlu^ volal ili^ hydroea,rl) 0 !i deptmds 
on its composition, and that dcqKmds (‘hic'fly on thc‘ district in 
which the coal is mined. It may b(^ as high as 21,000 B.T.U, 
per pound, or about the heating vahu' of marsh-gas, in tlu‘ In^st 
somi-bituminous eoals, whieffi contain veay small p(a’e(mtng(\s of 
oxygen, eras low as 10,000 B.T.lb pea* pound, as in i hos(‘ fnan som(‘ 
of the Western States, which ar(‘ high in oxygen. Tlie ash has 
no heating value, and the moistun' has in (‘nVcl h\sH than nont% 
for its evaporatiori and the supca-laaiting of tlu^ stiaim made froiti 
it to the temperature of the ehimiuy-gusi's absorb of the 

heat g(uicrated by the combustion of tlu‘ fixed (xarbon and volatile 
matter. 

The analysis of a eoal may Ih‘ n'pcH’tcai in thna* diUVrtmt forms, 
as percentages of the moist coal, of tbc‘ dry <’(»al, ca* (d' Ihc^ eotn- 
bustiblc. Thus, supposes one* gram of eoal is nnaly/aal, and the 
first heating shows a. loss of w(aght. of 0.1 gram, tlie Hca’oml of 
0.3 gram, the third 0.5 gram, tla^ nanainder, cn* anli, wiagliing 
0.1 gram, the complete report would be* as follows: 


MoiHtura...... 

Volatile Matter 
Fixed carbon... 
Auh . 


I*t'r (‘ent of the 

Cer t ‘i-nt of the 

iVr i ‘ent of lie 

(*oaL 

l>r.v Foal. 

< ‘oiiamfitihle. 

H) 



U) 

It il 

1/ ^0 

W 


hi 10 

10 

ft It 


100 

100 00 

100.00 


The, relation of the volatile niatter mid Ihi’ fixed earlxin i|i the 
last ooluum of the talile (‘iiahli's u.s to judge tin* (‘laas to which tin* 
coal lielonpiH, as anthracite, si'nii-mitliracife, Keiiii-intiniiiiiouH, liitu- 
rninous, or lignite, (’oals (•onfaining less than 10 per (‘eiil volatile 
matter in the eoinlmstihle would hi* clnsw'd m mitlinieite, hefweeti 
10 and 15 per cent as semi-anthraciti*, hetw(*eii 15 and 50 (mr cent 
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as semi-bituminous, between 30 and 50 per cent as bituminous, 
and over 50 per cent as lignitic coals or lignites. 

The figures in the second column, representing the percentages 
in the dry coal, are useful in comparing different lots of coal of 
one class, and they are better for this purpose than the figures in 
ilii) first column, for the rnoisi.ure is a variable constituent, depend¬ 
ing i.o large extent on i.lu', weather to whi(;li the coal has been 
subj(H;icHl siiKJCi it wa,s mimxl, on the amount of moisture in the 
at.mosphere at the time when it is analyzed, a,ml on the extent to 
whi(^h it may have accidentally been dried during the process of 
sampling. 

Tlie heating valium of a coal depends on its percentage of total 
(‘.ombustible mattxu', and on iho heating value per pound of that 
(‘.ombustible. The latXer differs in diffen-ent districts and bears a 
relation to thcj perexmtage of volatile', mat.ter. It is highest in the 
semh-bituminous coals, being neuuiy e‘,e)nstant at about 15,750 
B.T.U. per pe)und. It- is betwen'ii 14,800 and 15,500 B.T.U. in 
anthra,ch.e, and ranges fre)m 15,500 ele)wn to 13,000 e)r k\ss in the 
bituminous equals, eleuire^asing usually as we ge) we\stwarel, and as 
the^ ve)lat il(' matter cont.ains an incre'asing peiventage of e)xygen. 

In 1892 the^ autiu)!* el('du(‘(ul fre)m Maidc'r’s t(\sts on Einepemn 
coals a table e)f the^ approximates lu'ating value e)f ce)als e)f diffesresnt 
c,e)mposition, whieii is give'u, se)me‘,what me)elifk'el, bebw. (Trans. 
Am. Boc. M. E., ved. xx, p. 337.) 


AIUUie)XIMATK UIOATINO VALXTK OF ea)ALS •»« 


IVr (’c‘nt 

IIl-UTINd VALttW PKIt 

I'er e '(‘lit 

IInJATINd VAmn<l PER 

Volatihi Matt(‘r 

Lh. e 'oMintHTUtl.K. 

Volallk* Matter 

Ln. eklMIltmTIBLE. 

ill euml 



in ('oal 



Dry aiul FrtM* 
from Atih. 

n.T.tf. 

(’aloric'H. 

Dry and l''r<*<5 
from Anh. 

li.T.er. 

e’alorioH. 

0 

14,580 

8100 

32 

15,480 

8600 


14,940 

8300 

37 

15J20 

8400 

6 

15,210 

8450 

40 

14,760 

8200 

10 

15,480 

8600 

43 

14,220 

7900 

13 

15,660 

8700 

45 

13,860 

7700 

20 

15,840 

8800 

47 

13,320 

7400 

2S 

15,660 

8700 

49 

12,420 

6900 


The^ expcTimcnts of Lord and Haas on Amc'riean ce)als (Trans. 
Am. Inst.. Mining Engineau’s, 1897) practietally etonfirm these figures 
for all coals in which the^ percjemtage of volatile matter is less than 
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40 per cent of the combustible, but for coals (‘oufuiiiiui*; l(\ss tJian 
60 per cent fixed carbon or more than 40 p(‘r c(‘nt volalile matter 
in the combustible tliey are liabh^ i.o an (‘rror in (adua* (lircad.ion 
of about 4 per cent. It apixairs from l.h(‘S(* (‘xpcaanaads (hat 
the coal of one seam in a given dislrief., \vh(a*(‘ IIh^ ratio of th(‘ 
volatile matter to the total coinbustibk' is uniform, has t.h<‘ sa.m('. 
heating value per pound of (‘ombnslibk', within oiu' or two pea* 
cent, but that coals of the sninc proximate analysis, and contain¬ 
ing over 40 per cent volatile' mat tea*, but miiHal in ditteaaait. <lis- 
tricts, may differ 6 or 8 pc'i* (Had- in lavating valuca 

It will be noticcxl that tb(‘ (H>als (‘oniaining from Id to 28 p(a* 
cent of volatile matter in tiu‘ (‘ombustible liav(‘ praetieaally th(^ 
same heating valim. Tliis is c.onfirnual by I^ord and Haas’s tc'sis 
of Pocahontas coal. A study of tlu'st^ U'sts and <4' Mah!ca’’s 
indicates that the luaiting value' of all the^ se'nn-bituminous coals, 
15 to 30 per c.ent volatile mattea*, is within IJ |Ma- ccad ed' 15,750 
B.T.U. per pound. 

The heating value of any coal may also be* eulcadateal from its 
ultimate analysis, with a probable* e*rror ned (*xeHH*<liug 2 iK*r cead 
(except in the (jas(‘s of etarme*! <*oal and some* lig!iite‘H, in wliich the* 
error may be greater) by the* following formula: 

Heating value per Ih. bird Lj (12(1^11-^^ 

in which C, H, and 0 are* re*HfH*{*tiv(*Iy the* pe*reH*tdagi‘.s of eairlKm, 
hydrogeai, and oxygean This formula is known ns l>ulcatg\s. Its 
approximate aenairacty is provc*ci hy both Mulder’s and Lea*d and 
Haas^B (*xp(*rimentH, and any dt*viation of the* raIoritne*trie de*ter- 
mination of any ordinary coal incm* than 2 |«*r i*e*nt from that 
calculateal by tlm formula is more likt*ly tee proeeeel From an vm>r 
in either the calorim(‘tric it‘Hi or the* analysis than from an t*rror 
in the formula. 


MKTHODH OF imiiXINIl eaiAL 

To obtain the maximum tlic*rmal value* of I la* eeeal buna*d 
under a sioam l)oil(w it should be* burned to e*nrlifai ehoxide* with 
as small an amount of (‘xc*c*hb air as peessible. If thi* quantity of 
air admitted is in exc(*si«; of tla* re‘Ciuirements bent will be* lost by 
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bcinjy camed out wilii this air which will escape at the temperature 
of the flue ^ases. On the other hand, if there is deficiency in the 
air supplied, the carbon in the fuel will be burned to carbon mon¬ 
oxide generating 4450 B.T.U. per pound of carbon instead of 
14,600 B.T.U. per pound of carbon as would be the case in burning 
to carbon dioxide. In practice, an excess of air of about 20 per cent 
over the theoretical rciquirements must be supplied to give the 
best results. 

The ordinary boiler furnace with the grates placed directly 
under the boiler is satisfactory for the efficient burning of anthra¬ 
cite. It is, however, about as poor a (contrivance as could be 
devis(Hl for the burning of bituminous and semi-bituminous coals. 
With anthracite in large size.s no great amount of skill is neces¬ 
sary to obtain good results and almost any kind of a furna(‘.e will 
be suitable. Hand firing is usually employed with anthracite 
and with the largca* sizes, say down to c^gg, it is only necessary to 
Imcp the fuci bed Icwel and rc'gulatc^ the draft and ciean the fire 
at intervals of from 6 to 10 hours in order to obtain perfect (‘.om- 
bustion. With the smalku* sizes of anthracite tlmre is a tendency 
to (iioke the air passages through the coal on the grate and a thin 
firc^, thtireforc', must be c‘.arried. This must be watched much 
morc^ carefully to prewemt the formation of air holes through 
whicii larger ciuantitic^s of c^xcc^ss air will pass, thus reducing the 
eflicuency of boiler and furnacH^. 

Bituminous and sc^mi-bituminous coals should be burned in 
hot fire l)ric.k effiambers so arrangcnl that (‘.ombustion will be com¬ 
plete bed’ore tlu^ gascis of (‘C)ml)usti()n an^ allowcul to corner in con¬ 
tact with thc^ (tomparativedy (‘old surfacxvs of tlu' boiler. Upon the 
addition of soft c-oal t.c) thc‘ fued IkhI in thc^ furnaces larger volumc^s 
of volatile^ gasc^s ar(‘. imnuMliatcdy distilk‘d. Tlmse rcHiuire for 
their c.ombustion large*, cpiantitic^s of (*x(H\ssiv(dy hot air. The 
addition of the frc'sh fiud, how(*v(*r, has tdiokcal some of the air 
passagcis through thc^ fin*, t.hus cutting down the air supply at 
the time wluui it should bc^ materially augmented. Unless the 
gases of eombusdon arc*, thoroughly mixtal and brought in contact 
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conilmstion of soft coal is indicalcHl Ly clrosc* stnok(‘ fnao tno 
stack although a cli‘au slack is no! necessarily an indication of 
efficient (‘oiuhustion. A clt‘an slack may iiidic^ate a largt^ ex(!t‘ss 
of air passing through (la* tire. 

Soft coal can 1 h‘ htirncal without smoke pnnading Unit the* 
gases are distilknl from the coal at a uniform rale and that, wlicai 
so (listillcHl they an' l)rouglil into intimate ctmtael with vny hot 
air. Th{^ gascss as th(*y an* distilled nniforinly fnnn tin* ec^d 
should then entca* a. fin' brick <’hamb(‘r of eifhta’ sullieient. Icaigth 
to allow the gast's to htaannc' entirely eonsumtai naturally, or 
the chamber should hc' provided with sueh auxiliary mixing and 
baffling dc'vic'es as wi‘ll cause llie gases to be aiiilicaally inixtjd 
before th(^ exit of the* ehnmbti* is reached. 

Witli th(^ ordinary mcdlual of spreading f!a* coal ovia* the fuel 
bed it is intpossii)Ic' in burn soft coa! eflieiently. The fresh eoid 
chokes tlu^ air supply nf tlu‘ very instant if siiould bt* iiiereaHcd. 
Two methods of hand tiring an* in eommoii use to o\er{*oiue this 
difficulty, viz., tlu' evoking and the alfernafe method. In llu' 
coking method tlu' fresh fia*l is piled up on the front tudf tif tlie 
fuel bed in tlu' furnacH% witilt* fhi* rear half of the grate hiis a levtd 
bed of half“burnc‘d cH«d uptai if. An f*\ci*ss of' air passes through 
the thin rc'ar portion of the fire, being highly hisated ihendiy. 'riiis 
hot air comc*s intti ctmtac’f with flie gases distilled front fta* pile 
fuel in tlie front poiiitm of tlie fiirnac«‘ am! eaiise's them to he 
consumtHl. Wheat thv gas him \htu pietiy well distiHod off from 
the pile at the front nt the ftiriiitre flu* pilr is pushed bark and 
levelcxl over the rcitr portioii of the lire and a f‘n%di pile is built 
at the front The diHadviintages of this sislein are ihiit if <*amiot 
be advantageously used with eoals eoniitiiitiig a large i|tiaiitity 
of fusible ash and also tiint it k iiti|nissible to liscrrlidii the eon- 
dition of ihi» n*ar portion of the fins This sisteiii also involves 
a greater amount of liihoriiiid nitvuthm mi flii- pait of iht* Itreiitim 
than does ordinary spread firing, and they, tliiiofurr, otijeef 
to it. 

The altoniite intilitKl of firing rniiSiMis of afirrmiiiig fresh 
fuel over one-half of the grille eifluT iif the right or the leff 
the other side of the fire is nllowv’ti to bniii Ihtti, 'Hn* giis<‘s 
distilled from the freshly fired ecml roitie tn eiuitiirt ml ft the i*xei*ss 
of air passing through the thin ptirtiiui uf the lire ami are eon- 
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Humcd. Wh(‘n (1 k‘ fiixul coal has biinied to coke, the 

opposite side of 1 he flro is (H)vered with fresh fuel and the process 
is repeated. Special furnaces cont.aining Ijaffling and mixing 
devi(‘.(vs faxllilate complete combustion. With this system of 
firing succ(^ssful prevention of smoke depends somewhat on the 
skill of ilie fireuKup but more especially on the size of the com¬ 
bustion chamber a,nd the provision of baffles or mixing walls, 
and th(^ faxiiliiles provided for burning the gases before they come 
in contad. with the heating surface of the boiler. With the alter¬ 
nate sysUan of firing, the surface of tlie firc^ is available for inspec¬ 
tion at all (hues and jiir holes can l)e detected immediately upon 
tiutr formation. 

A (let^ailed ck^scriptlon of furnaces and methods of firing adapted 
to all (lasses of fuel and every c.ondition of service is given in 
(liapter VH of Steam Boiler Ikamomy, by William Kent. 

OISTIUBUTION OF THE HEAT OF COAL 

Wlu'n coal is bunu'd unck'r a, stea,m boiler, tli(^ heart generated 
is partially aj)Sorbed by tlu^ walra* in the boika*, Ixlng (‘onveated 
intrO sUaim, and tlu^ rcanaiiuka* is los(. up tlu^ stack a,nd in radiation. 
If the (combustion is pealed,, all the luait (aiergy in the fud is 
ac(‘ounl(‘d for in this mamua*. In practice, howewer, a portion 
of the fud falls through the grates unburncul, a,nd this represents 
anotlua* sources of loss. 

If II r(‘pr('S(aits th(‘ total luait units in a pound of (oal, the 
distribution of it wluai burn(‘d under the boika*may be represented 
by the caiuation 

JI:r.S^i(; + A+E + a+U. 

fl being th(^ lu^at. ahsorbcxl in (‘onvcallng ihe water in the boiler 
into steam, (/ that, (vseaping witli the waste gasevs up the stack, 
A tliat (‘ontaincxl in tlu^ unbunuHl carbon in tlie ashes, R the radi¬ 
ation loss, (- th(^ heat- in the carbon dc^posited as soot, and U that 
lost in th(‘ unburned hydiwarl)ons. 

Heat in the Steam. hc^at, in t he steam S (if it is not auper- 
h(xited) is t-lu'. sum of t-he heat, //, rcxiuired to raise the water in the 
boika* from tlu*. temp(u*atur(' of the fecal water to the temperature 
corn^sponding to the pressing of the steam in the boiler and of 
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the latent heat of evaporation, H, at the tempcirature due to the 
pressure. Then S=h+H. If t is tlu^ tempea-ature of the f(;cd 
water and T that of the steam h-T—t. Thus if m'. have steam 
at an absolute pressure of 120 Ih. per S(i.in. (105.3 lb. pres¬ 
sure) its temperature is 341.3 deg. Tahr. Its lattuit luait of 
evaporation per pound is 877.2 B.T.U. (See table of proiHirties 
of saturated steam, p. 242.) 

If the feed water is at (iO deg. Fahr. = 341.3 —00 = 281.3 
B.T.U. Then AS = 281.3-i-877.2= 1158.5 B.T.U. If the boiler 
evaporates 10 lb. of water jKir pound of (a)mbustibl(', tlu^ boiler 
would absorb 11,585 B.T.U. 

Heat Lost in Waste Gases. Tlu^ h<‘at (sarric'd away by the 
waste gases is a eompl('.x quantity. It eomprises: 

(1) The heart (;arried away by tlui <lry flue; gasees. 

(2) The heat lost in the formallon of sUaim from thee moisture' 
in the coal iinel from the burning eif (hee hyelreegeen in the* eeeal. To 
this she)ulel be aelded the head, reapiire'd to Huperlu'ut (his steeum 
to the teeinperature of i.he; evseaiping gjise-s. 

(3) The; heat le)st in raising (.hee teemjK'rature' of thee meeisture; 
in the air (,o the tcemperaturee of the e'seaiping geise's. 

(4) The heait lost by the incennple'tee combustion eef the‘ fiu'l, 
such as the burning of carbe)n to carbon mone)xide‘ insleaiel of te) 
carbon dioxide and by the failure te) consume all thee hyelre)e:arbons 
and hydrogen in the fuel. 

Heat Carried Away by Dry Flue Gases. If 7/ is thee tem¬ 
perature at which the weisfre gase's of eeombustion ese-a{Ke fre)m 
the boiUer and ta is the teempe'raturee e)f thee eilinosphere, the'Ji eill 
i.ho air passing through the fine is nuse'el 7'/—/,, eleg. A imrliem 
e)f the air in it,s passage is transformed te) ciirbon elioxiele', another 
portion, if combustion is iniperfe'ct, is transfeermed t.o e'eu’be>n 
monoxidee, and the balance is untransfen'me'd anel iipfKears in the; 
analysis e)f the flue gers as nitre)ge;n anel oxyge'U. 'I'lie'se' varie)us 
components of t,he weistegasces luive; bes'ii ele'ved e'd through 7't—ta 
dc'g. and the ame)nnt of he'sit absorbeeel by eeieh is the prexluct e)f 
this difference and the weight of <'ach gas anel of its siKatific heat 
at constant volume. 

Thus, if the analysis of the weiste gase's she)we'<l 11.2 jK'r 
cent, (X), 0.6 per ceent, (), 7.5 {xer cent, N, 80.7 {X'r cent and they 
escape at a temperature of 530 deg Fahr., the temiK;rature of the 
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atmosphere being 70 deg. Fahr., the heat carried away by one 
pound waste of gas will be as follows: 



Percentage. 

Specific Heat. 

Tf 

—ta 

C 02 

0.112 X 

0.217 X 

460 = 1 

I .08 B.T.U. 

CO 

0.006 X 

0.248 X 

460 = 

0.68 “ 

0 

0.075 X 

0.2375 X 

460 - 

8.19 “ 

N 

0.807 X 

0.2438 X 

460 = 

90.50 “ 


no.45 “ 


The table below, compiled by the Uehling Instrument Co., 
shows ih(i heat carried away by dry chimney gases per pound of 
combustible. 


IIKAT CARRIKI) AWAY BY TTTTO DRY CTTTMNRY GASES PER POUND OF 

COMBUSTlBinO 




'l'KMl’EH\TtrKE OF C’lIlMNKY GaHKH, Dk<}. 

Per (Unit 
COa ill 
(laHCH. 

PoundH Air 
per Pound 
CoinbiiHtible. 

300® 

350^^ 

400® 

450® 

500® 

550® j 

600® 

650® 



in*at Wasti'.d, P 

er (’(‘lit of 'I'olal I bait 

in Coal. 

21 .0 

12 

5.2 

6.2 

7.3 

8.7 

9.5 

10.5 

11 .6 

12.7 

16.8 

15 

6.0 

7.6 

9.1 

10.3 

11.6 

13.0 

14.3 

15.6 

14.0 

18 

7.2 

9. 1 

10.7 

12.2 

13.9 

15.4 

17.0 

17.9 

12.0 

21 

8.7 

10.5 

12.3 

14.2 

16.0 

17.8 

19.5 

21 .0 

10.0 

24 

9.9 

12.0 

14.0 

16. 1 

18.2 

20.3 

22.4 

24.4 

9.3 

27 

11.1 

13.5 

15.7 

18.1 

20.4 

22.7 

25.0 

27.4 

8.4 

30 

12.4 

14.9 

17.4 

20.0 

22.6 

25.0 

27.8 

30.4 

7.6 

33 

13.5 

16.3 

19.2 

22.0 

24.7 

27.6 

30.5 

33.2 

7.0 

36 

14.7 

17.8 

20.8 

23.9 

27.0 

30.0 

33.0 

36.6 

6.5 

39 

15.9 

19.2 

22.5 

25.8 

29.2 

32.4 

35.7 

39.0 

6.0 

42 

17.1 

20.6 

24.7 

1 

27.7 

31.3 

34.8 

39.4 

42.0 


Heat Carried by Moisture in the Coal. Thc^ hcuit (tarried 
away in the form of itioisiurc' conv(‘rt(Kl into supc'rlu'alcHl steam 
is mad(^ up of two cpiantatic^s. (a) The heat (tarricnl off in the 
moisture pnwmt in lh(‘ (^oal as moistures; (h) th(‘ heat carried 
off in moistun^ fornunl by (‘.ombustion of the hydrogen in the 
coal. 

The lu^at. carranl off by moisture of the coal is the lu^at. required 
to convert wat(u* inl.o sh^am and thc^ heat nRiuired to supen-heat it 
to thc^ t(‘m|;cn*at.ur(', of tlu' (\s(^aping gast^s. The moistures will be 
raiscRl from th(‘ tcanpcTatun^ of thc^ at.mosph(^re to 212 dc^g. Fahr. 
and th(^ B.T.IJ. re(iuired for this purpose will b(^ 212 — 4. It will 
then be converted into steam at 212 deg. Fahr. at atmospheric 
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pressure and the heat requinnl will he i.Iu' lai(‘n(. of evapora¬ 
tion at 212 deg. Eahr. and ai.in()splu‘ri(‘ prcsssun^ or 97().d 
It will then be superlu^aled to th(‘ t,(‘nip(‘ratur(‘ of ilu' thu' gas(‘« 
and the heat required will Ix^ (7/—2I2)Xa, .s* Ixang the sp(aali(‘ 
heat of superheated steam. Tlu' lu^at. lost. du(‘ to one' pound of 
moisture in the eoal, tluavfore, will Ik^ (212—/,^ f h7().*l 
X^^*. If the coal contained 2 pta* (‘(mt inoistuu' and th(‘ flu(‘ gas 
and atmospheric temperature W(a‘(‘ and 70 (l(‘g. Falir. r(\sp(H‘- 
tively, then the heat lost j)er pound of fiu*! hunual by ivimni of 
the moisture in the coal will b(‘ 

1 (2i2-70)+97().4+(r):5()-2i2)!().():{ :{s.-i n.T.U. 

Heat Lost in the Formation of Steam. TIk' lu^al lost (lu(‘ (o 
the hydrogen in the coal being bunu^l to waiter which is conv<a't(Ml 
into steam and aflerwards supeiiuaitcHl to tlu' ((‘iiqua'a!urt‘ of Uu^ 
Hue gases is the product of 0 tinu'S tJi(‘ p(‘rc(‘ii(ag(‘ of hydrogtm in 
the dry coal and of the sum of l(2I2~/,i) d- tlu^ latcail lii\at ot 
evaporation + (7/-"212}X speuahe. lu'at of supcaht'abHl sltaun). 
If our dry c-oal contains 3 p(U‘ (;ent of moist urc^ and the* atmospluant 
and flue temperainres an^ as before^ (lu* luad lost will Ik* 

0.()3Xl){(212--7())+t)7()/l +(520-2 331 B.T.IJ. 

Heat Lost Due to Moisture in the Air. Thv imastun^ con¬ 
tained in the air is in t.lu' form of vapor and in its transbaanation 
to this state it has alrt'ady absorbcHl th(» b70.*l B/P.P, lattad luvat, 
which ther(‘for(‘ does not have' t(» lx* supplied l»y ih(» bud. ddu^ 
fuel is rcxpiired to raise th(‘ banptu’atnn* <)f tlu‘ vapor from that 
of the atmosphere t.o that of tlu* fhu* gaHc\s. 

The (luantity of moisture^ in (‘ubie fexd. in the* air is dedtamined 
by means of w(d.-and dry-bulb Bua’inonudta’s and humidity tablets. 
The (pmntity of air mvd per pcaind td* coal dcqMUulH upem tlu‘ 
tightness of the sedding, f.hc‘ thiekiuw of tlu^ fires and s<‘V(‘raI 
other factors wliich are diseusHed in Chapter X. Aasuming for 
the momcmt that 20 Ib. of air an^ nHiuinxl {M‘r pcamd of dry bud 
and that tlie air (contains 0.02 Ib. of walcT fMU’ pound (d’ dry air 
((>0 p(^r cent relative humidity) (‘atdi pound o! dry bud will lw» 
nHiuinvl to evaporate 20 times 0.02 lb. o! wider info Ht(*am at 
atmospluadc; pressure* and Huperlieiitcvl to 530 dc‘g. Ibilir. The 
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heat required will flue gas and atniosplieric temperatures being 
taken as 530 and 70 deg. Fahr., respectively 

0.4{(530-^70)X0.463} =85.2 B.T.U. 

Loss Due to Formation, of Carbon Monoxide. The heat lost 
due to the inconqdc^tc^ combustion of carbon to carbon monoxide 
instead of to (*.arl)on dioxide is the difference in heat of combustion 
or 10,150 latent B.T.U. multiplied by the pen^eutage of carbon 
monoxides in the fhu^ gases. If the coal contains 89 per cent of 
combustible and, as before, 3 pen* cent of hydrogen, and the ash 
and re-fuse amount to 12 per cent which incliuk^s 8 per cent, as 
shown by the analysis of tlu^ coal, tluxi each pound of fuel burned 
will contain 0.77 lb. of carbon. Of this, 0.05 per cent will be 
burned to CO and the heat lost will be 

0.05X0.77X10,150 = 390.7 B.T.U. 

Heat Lost as Soot. The. soot in smoke consists of carbon 
with a traeu' of hydrogen. If it is eonsidcM-t'd as entirely carbon 
ih(‘ error will Ik^ inappr(H*ial)l(^. Knowing the volume of flue gas 
prodiKunl by the burning of oiu^ pound of fuel and the amount of 
carhoii contaiiKHl in i\mn, as shown l)(F)w, the heat lost can be 
determined by multiplying tlu^ volume of gas in cubic feet l)y the 
amount of carl)on eontaiiUMl a,nd tlu^ produc^t by the (‘.alorific 
valuta of purt^ (*arl)on or 14,500 B.T.U. Uiuk'r the most favor¬ 
able^ conditions for smoke production, tlu^ loss diu^ to unconsumed 
(‘arbon doevs not (‘XchhxI oik^ peu* cemt and is usually less than half 
that, amount. 

Several nudhods have been de^viscxl for approximating the 
(piantity of (*.arbon (‘ontaincxl in smoker i)iu\ of tliese is l)aaed on 
the amount of soot, ([(‘positcxl upon a give^n surfaces say one square 
fe)e)t, pUmenl in the (‘Iiimne'y. The^ soot eleq)e)sits e)n the uppe^r sur¬ 
face away frean the* dirend, e*urre‘nt. anel aftc^r an e^xposure of a few 
he)urH is reme)vexl anel wedghexL Atie)ther m(d.he)el is te) use smokenl 
glasse‘H e>f ehHeremt- ele‘greH\s of elensity anel aHe‘e*rtain what elc'pth 
e)f c.e)Ie)r is neTcvssary te) make* tlu* smoke invisil)le. A thirel method 
anel the^ one* in general use is by meains of the* Ringe*lmann smoke 
e*hart. 

The Ilingehnanu chart consists of four cards, ruled as shown 
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SMOI^ CHARTS 

in Fig. 36, together with a card printed in solid black and another 
left entirely white. These are hung in a horizontal row about 
60 ft. from the observer and as nearly as convenient in a line with 
the chimney. Under these circumstances the cards appear to 


Fkl 39, 


Fi(3. 40. 


The HoIk^Hh Stnoko (3uirtH. 


be diff(T(^nt shadcns of gray, ranging from very light gray to almost 
bla<‘k. Th(‘ obscnwc^r can (easily determine which of the cards 
corresponds most lunirly in color to the smoke coming from the 
stack. The (‘olor and time are recorded. The ruling on th(» card 
is given in the table on page 191. 






?Uh 43. Fitj. ‘M. 

Apixuiranco of the RoIk'Hh SnK)k<‘ V\mH whon Spitsiuiig. 

color of the sixioke. The cluirt may Ik* Bptni while* Hupportcnl on 
a bradawl or other ec)iiveni(*iit npindle. Tho H(*vi‘ral (*harts nhow 
the color of Brnoke eorn^Hpondinij; to de*iiBitieB of 20, 40, 00, 80 
and 100 per (xuit. 

In 1895 Cbhen and Ruhh{* 11 made Honu* experiiiu*ntH to deter- 
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KULING OF RINGELMANN SMOKE CHARTS 


Card No. 

0 

Thickness of Lime. Width of Si 

Pure White 

1 

1 mm. 

9 mm. 

2 

2.3 

7.7 

3 

3.7 

6.3 

4 

5 

5.5 

4.5 

Solid Black 


irano the extent of pollution of the air by smoke from house fires 
burning coal. Thc^ coal used was from Yorkshire, Durham, and 
Wigan. The quantity of soot formed was determined by aspirat¬ 
ing through a brass tube V2 in. diameter connected with a glass 
tub(^ of th(^ same diameter and having a plug of cotton wool in 
one end. This plug was dric'd over sulphuric acid and the weight 
of iihe soot ol)tain(ul. The resuli.s are givcm in the following table: 



Volume 


Per (Uiut 
of Boot 

P(‘.r ( U*nt 


No. 

of 

(Uiiinnev- 

Weij-ht 
of Soot. 

of Boot 
to 

Name of Coal, 



in Ga.ses. 

(hirhon 
Burru'd. i 



Litcsrs. 

Grams. 




I 

218.0 

0.0155 

0.0073 

6.9 


1 

2 

282.5 

0.0267 

0.0094 

10.2 



3 

4 

249.5 

231.0 

0.0174 

0.0228 

0.0070 

0.0099 

8.0 

5.8 


• “ Silkstone ITard.s/' Y^’orkshire 

5 

164.5 

0.0292 

0.0177 

9.3 



6 

182.5 

0.0219 

0.0120 

6.0 



7 

175.0 

0.0247 

0.0141 

7.7 


8 

278.5 

0.0278 

0.0100 

5.1 

j “ llaigh Moor Best/’ Yorkshire 

9 

240.0 

0.0243 

O.OIOI 

5.6 

Harvey Seam/’ Durliam 

10 

230.5 

0.0227 

0.0098 

4.8 

“ Hutton Beam ” 

1 1 

262.0 

0.0282 

0.0108 

7.1 

“ B(»Ht Deep Yard/’ Lancashire 

12 

230.0 

0,0232 

0.0101 

5.1 

“ Bc.st Arley ” “ 


2744.0 

0.2844 

0,0103 

6.5 



It would seem that, more reliable data (*()uld have been ob- 
taiiunl had tlu^ carbon l)een colkn^ted on an asbestos plug and then 
burtKHl, the carl)on dioxides b(‘ing collected. As originally per- 
fornu^l th(^ n^sult of the tc\st (cannot, be chalk'd carbon, as it mani- 
f(\stly contained considerable ashes, et(i., which had been carried 
up the chimn(\v. By burning off the soot in a combustion tube 
the actual (^onbait in caihon could have Ixon obtained. 


LOBS DUE TO UNBUENED COMBUSTIBLE (JASES 

Flue gas contains in addition to carbon monoxide^ small quan- 
titic^s of othcT combustible gases, notably methane. Assume a 
fliu^ gas analysis of 
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Carbon dioxide, CO 2 . 

. 11.2 

Carbon monoxide, CO. 

. 0.0 

Methane, (TH. 

...... 1.0 

Oxygen, 0. 

. 7.5 

Nitrogen, N. 

. 70.7 


100.0 


We have already ealeulaied th(‘ loss dtu' to uid)iinuHl (‘arbon 
monoxide. If, uh before, 20 lb. of air a,r(^ untai per |K)und of com¬ 
bustible, and the fuel contains 89 p(‘r c(‘nt (^f eombuH(ibl(% (^aeli 
pound of fuel will gcnierate 20.89 lb. of flu(‘ gas. Of this 0.208!) lb. 
will be methane, whose calorific value is 24,017 !bl\U. p(T pound. 
The heat lost due to the unbunu'd (dli then will Ih^ 

0.2089X24,017 ()97. 15 ILT.U. 

Distribution of the Heat. Assuming that our c‘oal liad a 
calorific value of 1450 B.T.U. per pound of (‘ombustibh% the* heat 
generated by its comliustion wi(h 20 Ib. of air pea’ pound of (*om- 
bustible would Ik^ dislributed a<‘cording to tlu^ foregoing calcu¬ 
lations : 


Fleat absorbed by th(‘ boika*.................. 

H(‘at carried away by dry flue gas. ........... 

Heat lost due to moistun' in (’oaL. ............ 

H('at lost due to hydrogem in c‘oal. .......... 

H(uit lost du(^ to moisture* in air.. 
Heat, lost due to formation of (X). . 

Heat lost in unconsunu'd ('H 4 ............... . 

Heat lost in unconsunuHl carbon in ash 
0.04X14,500.. 


1,585 B.T.Tl 
110.4 
:|8,4 
:i:i4. 

85.2 
390.7 
097/2 

580.0 


i:lk:io.4 

Radiation and unaccounted for. . . 080. t 


14,5CK) 




















CHAPTER XI 


ANALYSIS AND MEASUREMENT OF THE PRODUCTS 
OF COMBUSTION 

The value and aectiraey of the eornpiitations described in the 
foregoing pages (k^pend upon the ac(‘iira(‘.y of tlie gas analysis, 
which in turn (U'pcauls on the sample of gas analyzed. This 
should truly rc^presc'ut the total amount of gas sampled. Samples 
tak(m from the gxnua-al curnmt by nu'ans of an ordinary aspirator 
or an oil aspirator (p. 197) will usually do if drawn at a sufficient 
distaiu^e from the fire. If the gas(‘s have', jiasscal through a long 
flue, (vspcanally one with s(‘V(n*al Ixauls, th(‘ 3 ^ are suflickmtly mixed, 
and may be considcTed as a homogxmeous gas. We must remem¬ 
ber, how('.v(n', that, as w(‘ i*(HXHle from the the infiltration of 
air, if not. priwcmUal, Ixxxanes greater. In careful experiments, 
the m(‘t.h()d to b(‘. ck^scrilxxl of fractionating a large volume is 
pref(‘rabl(‘. 


(JAS SAMPLER 

In prinenpk^, a gas samplcu’ consists of a falling-water aspirator, 
and a s(xx)nd mercairy aspirator drawing a small fraction of the 
gases from the (nirnmt of the first in a constant regular manner 
and keeping it in a nua’cury gas-holder, A (Fig. 45), which is 
a strong glass flask of 3 lih'rs capadt.y, holding about 88 lb. of 
mercury. TIu^ gas-holdc^r is (x)nn(‘ct(xl by th(^ tube a with the tube 
0 for sampling the gas, the flask A and its accx^ssories acting as a 
Mariotte flask. It is (dosed at tht^ top l)y a stopper Infflowed out 
coni(^alIy Ixdow and having holes for two tulxvs, a and 6. This 
hollowing is to permit filling without any air-buhblcjs. The tubes 
a and 5 have glass stop(‘.()eks, but tlu^ ono in a may be omitted. 
The manonu^tric tube c shows tlu' prc'ssure. Tube d, like c, 
pass('H through a rubber stopper, (dosing tlu^ horizontal tubulature 
of the gas-hold(‘r. This tube can b(i rotat(xl in the stopper to the 
position shown, or to one 180 deg. from such position. The 
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flfislr is on t,li(> si(l(^ into millinu'tc'rs. Tulio a fits 

the hole of the stopper tightly, iuul eitn he moved u|) or down ns 
desired to suit the (luuntity of gas in the flask. .\II joints are 
covered with paraffin, tube a being grc-awal to |■aeilitat<‘ move- 

ment. 

Fig*. 4() shows the giis siuiipling lube. It (‘ousisis ol a plaliuuiu 
cylinder, ns*, 10 mm. (0.4 in.) dianud-er and TOO unn. (27.5 in.) 



long, having a longiliulinal slot of hcwctoI rentiinelerH loiigtli, Tht* 
end r is closed with a. platinum caip; tla‘ taid a* is .soldered to a 
copper tube, .v//, passing into a Liebig condtaMa* latving two tulana, 
oo\ for the waica*. In most cnHes the* plntiimm fulie may lie* 
replaced without trouble^ by on«* of <*op|Ma\ <a’ even iron, the platb 
mini being n(‘C(‘SHary only wluai tin* ganes arc* drawn a! ii tian{Mai^ 
ture high enough to eauH(‘ oxidalion of (he otlna* niefids. WitJi 
iron or copper a portion of the* ox}g«at is removed in the pasHiige 
through the tub(j. 
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The tube ry is open at y, and has a side tube h. Aspira¬ 
tion is carric^l on through the opening in the platinum tube. A 
movable rod, ik, carrying a platinum scraper is attached to one 
end of the tube, and moves in the slot to clean it, as occasion 
re(iuires, from soot, ctx*,. The disk y serves to hold the cement 
used in fastening it to the stack or chimney, and prevents ingress 



of exhamal air. Th(^ rod vui pa,HS(\s t,hrough a (*aout(‘houc bearing 
fasttnu^d I)(‘iwe(m tlu* disks p and r/. 

Fig. 45 r(‘pr(‘H(mts a front vi(av of t.h(^ a-pparatus. Fig. 47 
rc'pn^scads a sid(^ vk'w in (4(‘vatiom The tulx^ ry is introduced 
through an opeming madc^ for the purposes m the masonry, the part 
rn being (‘xpos(‘d inside. Th(‘ emd y is eonn(‘ct(al with a lead pipe, 
a, by a rul)b(‘r tube'; this pijx^ is solden^d to anotlu^r one, yz. 
On opeming th(‘ c(X‘k y, i.h(‘ wnh‘r flows from a r(\s(‘rvoir and empties 
at z. Suction in yrs should amount to scweral millitiieters of mer¬ 
cury, and is n^gulated by the cocks y and x controlling the water- 
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flow, and also by the hngih of TIk) gas drawii in by yvx rtiay 
be measured by collecting it at z, and should arnounl. to 25 to 20 
cu. in. per minute. 

The gas-holder is support'd l)y a pi(H*(^ of slun^t iron witli 
upturned edges forming a sludf. Any nu‘rt‘ury spatt('n‘d over or 
spilled is thus easily collcnded. Th(‘ nu'nory tank is suj)p()rted 
from the wall of the chimney in such position as to fa(*iIitaU‘ 
refilling the flask through a siphon. Tht^ IuIk's fW' staaa* to hvil 
th(‘ condenses*. 

While th(^ current is passing through yr a small cjuantity is 
drawn out by the tube //, and this slnadd Ix^ so n^gulatcai by the 
(X)(‘.k (I that only from y 2 r)() to is collt'cttsl. 

Whenever the Ic’ivel of the mercury lowers, it slmws a chugging 
in the slot, and it should be (‘leaned by moving tlit‘ rod. dlfis 
always indi(^ates wlum cleaning is ncxHvsary, and it soim^times 
k(x^ps clc^an for hours. 

Wh(m a sufiiciuait samph' has bex'u obtaimxl tlu* Inlx^ tl is 
turruKl up and then tlu^ gas-hold(‘r can lx* (*arri(al away. 

The nudhod recaanmeiuhal by the* Amca’iean Soei(‘ty of Meehan- 
i(;al Engine(a\s is to hav(^ a “ box or block of galvanized slaa*! iron 
equal in thi(;kness to oiie eournv (^f brick/’ and seeinx* in it a 
s(™8 of 4 -in. gas-pip(^s, all alik(‘ at thc' (aids and of (a|ual lengths, 
in such manner tliat the op(m cmcls may 1h' eviuily tiislribtited 
over the area of the flue. Hex* Boil(‘r Tc^hI (’ode, p. 222, 

An arra,ng('ment reeomnnnuled by (’(»L David Ik Jones in Iiis 
paper bcjfore the Anuancan Soeiefy of Naval Eiigitaxa-s, vol. x, 
p. 135, is shown in Fig. 48. J’hc' Hampha- is a large, wid(*-neeke<l 
glass bottle cIoschI with a (*ork having two glass tul«*s, one jiini 
(‘Tihaing the bottl(‘, tlie oth(*r rcaiehing nearly Itie Inttfom. Om* 
(^f these tubers is (‘oimc'ctcai with an ircui pi|M* Ic^ading to the Hue 
and (extending well into it, Tlu* cdher tiibi* is c’onneetinl with any 
kind of an aspirator which works steadily. A watm-jet (‘xhiitisf, 
an (UigiiKMlriven exhaust, (a* ariy similar appiinifus will do. If 
not (a)nv(micnt to uh(‘ an ('xhausi, tla* bottle iniiy bi* filled with 
nuwcury and by making a siplnin with the rubber tube iiflacJieil 
to tlie long glass tubca (la* botth* can be graihuilly emptied of 
im^nniry and tla* gasc^s to lx* Hamphxl drawn in. If merrury ran- 
not be had, water will do, but tht* result uill iicU D* im reliabk* 
since the water may dissolve some of the eoiisliUiiails of the gas. 
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The size of the bottle nxixy be adapted to the quantity of gas 
aspirated, and by means of proper stop- or pinch-cocks adjusted 
to work slowly or fast. 

Used in conjunction with the arrangement of sampling tubes 
recommended by the American Society of Mechanical Engineers, 
this apparatus forms a simple and satisfactory sampler. One 
great advantage in favor of this arrangement is the fact that it 




is (iasily ma(l(% all tlu^ portions of it being found in nearly every 
shop. 

The oil gan-holdtr (Fig. 4f)) consists of a bottler tubulated at 
the bottom and eomuaded with the supply of gas at the upper 
opening. It may contain some GOO cu. in., and is filled with water 
having on it a layer of 4 in. of oil. The water running out from 
tlie tubulature at» the bottom draws the gm in at the top. The 
stoppe^r at tlui top has two openings, through one of which passes 
a funn(44ub(^, througli which wat(‘r may be poured to expel t^" 
gas wlum portioiis of it are needed, gas then passes out 
the same tubc^ through which it was drawn into the bottle. 
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With all kinds of aspirators or gaS“hol(l(‘rs(\sp(H*ial (‘an^ nuist Ih^ 
taken to prevent entrance of air into (hc‘ flu(‘ gas aflca* l(‘aving tlu' 
fire, since tlie correct analysis will show not only tlu^ (plantity of 
unburncd gasc^s, but also th(‘ (wcasss of air, and any mixture of 
outside air will vitiate the nvsult. and (‘ausc^ faulty dtaliu^tions as 
to the working of th(^ fire. 

To pr(W(ait t-his, all joints in (lie masonry must vxmnitml 
and rc^paircxl if luaxvssary. In cas(‘ of dam|Ma’s, whidi must be 
us(d, the Iwarings (uin l)e mad' in stuffing-boxc's. (ic'iu'rally, 
the gas can be sa,mpl('d bc'fon' it- arrivi's at a dampi'r, as tlu' course 
of the boiler-thu^ is usually sulli(‘i('nt to ('aus(‘ a. tlimxnigh mixing 
of the gas(xs. In c'ase tiu're an' s<'V(‘raI dampt'rs, tiu' first out' may 
be dispens('d witii for the tinu' Ix'ing. 

When the gasi's arc' takc'n <iuit(' ni'ar tlu' tin', ihvy must, lx* 
drawn vcay slowly in ord'r to gradually tajol tlaan down and 
avoid dissociation. In this case' a stoiu'wart' tubi' may 1h' usc'd 
for suction. If tiiis precaution is nt'ghs’ttni th(‘ gases collectt'd 
may be entiix'ly difTc'rc'nt. from tlios(^ passing (dT at- th<' cliimmy. 
Metal tubes are inadmissibk', since' (h(*y abstract oxygtm, and 
hence cause a change in composition. 

ANALYSIS on Tim OAHUH 

The collected gasc's (*ontain nitrogen, (‘iirbon dioxid*, 

carbon monoxid(', hydrcK'arbons, and cH'f'asionally fret* hydrogen. 
To <kd;ermin(^ all thc'st' a ('udiomt'frie mc'tliod must be us«‘d; but 
usually only tlie oxyg(‘n, (‘arbon dhixide, and enrboii mom^xide 
are rcniuired In normal (‘ombustimi witli Huflieieiif air the (pinii- 
tity of hytlnx^arhons is trifling, and lU'ed not be (*onsitIered Hus 
occurs usually witli a supply of air of 2ltl cu.ff, per pound of 
(ml, and should prodiua* a waste* gas containing HI to 11 pi*r cent 
of carbon dioxide, in which case tla* unbuiutHl fiydrocaiTonH 
amount to less than I iK*r c(*nt. 

Flue gases an' analyzc'd by first mcHHuring a saiitple, usually 
lOOc.c., of filten'd gas at> atmospheric l(‘miH*riilure am! presMtire, in 
an accurakdy graduated glass v(*hh<‘ 1, calk'd a buret It*. This is kepi 
at a uniform temiK'nifun* by inc’loKiiig if in anoltif'r glass vesnel 
filled with water. The gas is tlien passed into a glass bulb or 
cylinder c-ontaining a clu'mmal wliicli idworlm om* of the (*oii- 
stitimnt gas('H, n'turning it to the burt'tti*, and iiieaHuriiig if again, 
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the difference being the volume of gas removed by the absorbent. 
This operation is repeated with different chemicals until all the 
constituent gases have been removed, except nitrogen, for which 
no absor))ent has been found. 

The absorbent usually employed for carbon dioxide is a con- 
ceTitratiod soluiion of caustic potash. For oxygen a solution is 
made of 5 gi’ams of pyrogallic acid in 15 c.c. of water added to a 
solution of 120 grams of caustic potash in 80 c.c. of water. In the 
Ihnnpel apparal>us slender sihdvs of phosphorus covered with water 
are sometimes used instetul of the pyrogallic solution. For car¬ 
bon monoxide the solution is made by dissolving 10.3 grams of 
copp(a- oxide in 100 c.c. of concentrated hydrochloric acid. To 
insurer gnnitcu’ accuracy the gas should be passed successively 
through two bulbs containing this solution. The order of analysis 
followed is always first (Xlo, then 0, then CO. 

The Orsat Apparatus is a portable instrument contained 
in a woodem (uise with removable slid¬ 
ing doors front and back, as shown 
in its simplest form in Fig. 50. It 
consists essent ially of a measuring tube 
or burette, threi^ absorbing bottles or 
pipett-es, and a levcding bottle, together 
with the connecting tubes and appa- 
rat.us. Thc^ bottle and measuring tul)e 
(^ont.ain pure wat(w; the first pipette, 
sodium or potassium hydrate dissolved 
in three times its weight of water; the 
s(H*.ond, pyrogallic nvul dissolved in 
sodium hydrate in the proportion of 
5 grams of the acid to 100 c.c. of 
tlu^ liydrati^* and the third, (mprous"chlorides The manipula¬ 
tion of the inst.rument is as follows: 

Aft(T completely drawing out the air contained in the supply 
pipe, a sample of the gas is drawn into the measuring tube by 
0 |Kming the necessary conncHd.ions and allowing the water to 
empty itaself from tlu^ tube and flow into the bottle. The quantity 
of gas drawn in is adjushul to 100 e.(t. By opening one by one 
the comuadions to the pipettes, and raising and lowering the 
water bottle^ the sample is alternately admitted to and with- 
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drawn from the pipettes, and the in|>;re(lieuts oiu' hy oiu^ ab¬ 
sorbed. 

The first pipelU^ abs()rl)s (H):?; tlu' stu'ond, O; and tlu^ third, 
CO. The (luaniity absorlx'd in (‘a,(‘h (‘as<‘ is (httainincal by nturn- 
ing the sample to the measuring bnntte and reading lh(‘ v(duine. 
The percentage of CO^ is read dir(‘c(-Iy, Inang th(‘ first absorption. 
Those of the other two ingreduaits an^ thc‘ r(‘sp(*e(iv(‘ diHerentx^s 
between the rc'adings taken after siu'cessivc^ absorptiotis. 

Various modifications of this a.pparatnH have' bex'n d(‘V(*Iopc'd 
which enable analyses to be made with gre^atta* rapidity than with 
the form illusta‘ated. 

The Hempel Apparatus works on tlu' sanu' primaple as the 



Fid. 51,..Hciiipcl Pi|M*(ti*. Ficj. r>2. 

Orsat, except that ih(^ alworption may \>v hastenod by shaking 
the pipette bodily, bringing fta' rlieitheal iiifti most iiititiiiite 
contact with the gas, It is kw portiilde and in some part icnilnrs 
it requires mon' careful mnnipuliiticm iltim the (trsnb 

The absorption pi|ettc*H ntv mink' in hcIh whicdi itri' Hhiijxa! 
in the form of globi's, and a mimler of tndefMaulenf aefa are 
required for tl»% tniiinamt of llie different eoiisfittinif 
A sample piieite of the IhaniK*! tyiM* is shcnvii in Fig. fiL 

The Nassau CO*i Machine* Fig. .12 shows a (’(K iiiiicliine 
designed hy F. F. Ifeliliiig. llu' ja<*kef H aiirronnds the biirefle 
A and contains a solution of ficictiilitled mt'lhyl tiriinge. It 
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coninuinicates with A at the bottom. By blowing into the top 
of E through tlie mout.hpiecc W, and tube (7, the liquid will be 
forcxul irit.o the burette A, When this is full, the three-way cock 
II is c1()S(hI to Aj to prewent liquid returning to E. ' By means 
of pump gas will be drawn from the boiler or flue into the tube 
/>, through the ink^t L When the gas reaches 7), H is opened so 
as to (H)nne(‘,t the sources of tlu'. gas with the absorption chamber 
B through a capillary ‘tulx^ C. B is the short leg of a U-tube and 
is filkxl with a. c.a.usik‘. solution and fine iron wire to provide ample 
surface for (piick absorption. When B is connected with the 
source of gas through If, tlu^ absoi'lxxit will rise in C to a certain 
level, de])(aiding upon tlu^ temsion of the gas in D. The movable 
index X is then shifted to eoincidc with this level. Cock H is 
tluai t.unuHl so as tiO (X)nnect 1) with A, and by means of the 
mouthpkxx^ W, the gas is drawn from I) into A until the level 
of th(^ Ikpiid in A coincides with the xeax) line of the scale. The 
burette then contains 100 volumes of the gas. Now by turning 
the (X)ck // so as i-o connect A with H, opening the pinc.hcock K 
and blowing through IF, the gas will be forccnl into B, where in 
less tluui thirty se(U)nds the (-O 2 in the gas will be entirely 
absorlKHl Tlie remaining gas is then drawn back into A until 
the kwel of the solution in B again reachevs the indc^x X. The 
pinchco(*k K is then (^IoschI and the level of the liquid in A will 
indicates the pea* cent, of i'ih absorbcxl 

CO 2 Recorders. Macduru's whi(*,h will continuoxisly record 
the pcu’CHmtage of (X )2 in (hu^ gases have come into use in the past 
few years and have proved of grcxit valuer in prmtiothig officuency 
in thc^ operation of steam boilers. Tluy are known as carbon 
dioxide recorders. 

The XJehhng Recorder is shown diagrammathxilly in Figs. 
5:1 and 54. Heferring to Fig. 53, the gas to bc^ analyzed is 
drawn through two apcaiures, A and B, by a <x)iiBtant suction 
produced by an aspirator. If thc^ apertun^s arc‘, kc^pt at the same 
tcan|Kn*atur(^, the siudion or part.ial vacaium in the chamber between 
t.h(^ two apcirturc^H will rc^main <x)nHtant so long as the gas passes 
through both ap(^rtures; if, howiwer, part of the gas be taken 
away or aI)Borl)ed in the spacx^ Ixd.ween the two afx^rtures, the 
vacuum will iiuxxmsci in proportion to tlie amount of gas absorbed. 
It ia evident tluit if a manonicter or light vacuum gage be con- 
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nccted with this cliainber, amount of ^as ahHorlxal will be 
indicatexl by iho vacuum nnuliuf!;. 

Fig. 54 represents the more imporlant parts of tlu' caaupkde 
instrument which consists primarily of a, tilttn*, absorptioti eliam- 
ber, two apertunvs {A and B) and a snuill st(‘am aspirator, (las 
is drawn from the furnace' by im'ans of tlu' aspirator through a 
preliminary filter at tlu‘. boiler. It is tlu'ii drawn through otluT 
filters on the instrument which insure' that tlu' gas tlowing through 
the apparatus is cFan. Tlu‘ clean gas passe's threuigh apeuiure^ A, 


r 


SUiaui 





Far 53.-.•Principle of the tfe'hling !\vr«tniefcr am! Ccr 


thenex‘. threjugh the^ absorption chnmbcT nml npeafure' /t to tin' 
aspirate)r. 

A dilute solution of ewistie' soda llenvs info tlm nbsctrfdion 
chamber l)y gravity freun a tank, timiugh a regiilfitiai sight 4 <ial. 
The (X)2 is e*.ompl(‘te*Iy ahHorbcal liy the* eatustie solufion im (he gas 
flows through the» ahsorptiem clinmln'r iiml \Uiile if is briwism 
tures A auel B (in reaa'ut m<xli!ic*ati<mH tif the inslrument the Heilti- 
tion is rc^placanl by a sejliel absorbent I. This realiiees Ita* \i*Iuino 
anei eauise's a eFangc in t-tie* partial vitt*uiim of the gas lx*!ween the 
twe) aperture's. This vacunin vanVs in e*xat‘t ata’oreliuiee with 
the pere’-entage' of C’02 containea! in tlie gas, and is iiahcfiteal by a 
waten* emlumn at tlie instruimuit^ whicli is eailibriited so as to indi¬ 
cate directly pcTcemtagc's of C(t. Huh partial \'acuit«i or iM*r- 
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centago of CO 2 is also (!ornm\u>icatod to an indicative gage in 
front of the boikn- and f,o a ixu-ording gage which may be located 
at a consichu’ahUi distancr; from the machine. 

The “ Sarco ” Recorder, shown in Idg. 55 is an automatic, 
instrunumt whicih mala^s and rc^cords al)Out 30 CO 2 analyses per 
hour. It reciuires no al.tention other than the changing of the 
recording cliart every l.went.y-four hours and the rcmewal of 



the potash solution at. int(‘rvals of about three weeks. Oas is 
aspirab'd by iinnuis of a fitu' st.n^nm of water, at a lunul of about 
2 ft., which (>nt,(‘rs tlu^ instrument at 8 through the glass nozzle 9. 
The wat(*r Hows through tulsi 74 to tlu^ pow('r vess<'.l 82 where it 
coinprr^sses th(^ air al)ove tlu^ water kwed. 'Phis pressure is trans¬ 
mitted through t.ube 78 to thti surface of the licpiid in vessel 87 
and sends it upwards through tulsis 91 and 93 into vessels 68, 
67, 77 and 66, and into t,ub(iH 49, 51 and 52. The liquid rises until 
it reaches the zero mark 71 on the narrow neck of 67. At the same 
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Assutninp!; that i.ube 49 is connected to a supply of flue gas, a 
sample will Ix^ drawn in from the continuous stream that passes 
tlirough 43, 45 and 4(), as the'. li(iuid recedes in 49, by the partial 
vacuium l-lnit is (ax^ahal by the falling of ihe liquid. As soon as 
th(^. licpiid has dropptal b(4ow point 79 the gas rushes into vessel 
()7. When (h(‘ How in tlu^ si])hon stops, vessel 82 again begins 
i,o fill and t.he TKiuids in Ixibes 91 and 93 rise afresh. The gas in 
()7 and 08 is for(‘ed into t.iibe 50 and ea,iised to pass through a solu¬ 
tion of causti(‘- poi-a,sh (sp(‘(‘.ifi(‘- gravity 1.27) in vessel 94 which 
absorbs a.ny iMh ihai. may present in the gas. The remaining 
portion of the sanipk^ (‘ollects in 02 and passes through GO into 
t.utx^s 57 aind 58. It (‘a.nnot pass out at 59, as this outlet is sealed 
by tlu^ li(|uid in 52. 

ddu* gas then passc's und(‘r the two floats 18 and 26. The for- 
m(M’ is la.rg('r a,nd light,(‘r and thtnxdore will be raised first. The 
stroke^ of this float is adjust-ed by the thumbscrews 14 and 15 
until just. 20 p(‘r (‘(‘ut of the whole sample remains to raise float 
20, wlum nothing is absorbtxl by the potash solution as would be 
th(^ casc‘ if air passixl through the recordin'. A pen 30 is caused 
to trav(‘l down on the (*luirt 40 when float 20 rises. If no CO 2 
wen^ eontainixl in t lu^ gas, nothing would be absorlxkl by the potash 
solution and tlu^ pa-n would travit th(^ wholes depth of the chart to 
the zero line at tlu^ Ijottom. Any (-02 in the sample would be 
absorbed by tht* potash, a. (‘orrc\spondingly k^ss (piantity would 
reacdi the float 20 and flu's pim would covin' a proportionately 
1(‘HH distanei' on th(‘ elnirt-. Tlu^ actual pin'cinitage of (X )2 would 
be shown by th(‘ line on which the pini stops. On the return 
stroke of the liipiid, the gas is puslu'd out from under floats 18 
and 20, through tubes 57 anil 58 into t.ubes 59 and 02. Thence 
it passes into f>0 as soon as the liquid has fallen below the outlet 
of tube 52 and eseapes through tube 51. 

TKMPKllATUUK OF THK WASTE GABES 

As in analyzing coal, cinders, and gases wc must have average 
samples, so in treating of waste gases we need average tempera- 
tim^s. Taking the t(an|K*ratur(^ oixaisionally with the thermom¬ 
eter has gravid possibilities of I'rror. The temperature varies 
greatly from time to time, and even if the readings are taken 
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frequently tlieir avc^rage may b(' far from eorn^ci avc‘rai;(^ of thi^ 
gas temperature. The real avcauge i(‘mp(‘rafur(‘ of Hie gas cur¬ 
rent can be obtained by m(‘a,ns of a luait rc'W'rvoir inlro(Iu(*ed 
into the flu(\ 

An apparatus for this purpos(‘ was (kndscMl by Hcdunirer- 
Kestner, the type whi(th has IxHm r<‘p(‘af(‘c!ly copied and modi¬ 
fied. It consists of an iron <-ub(\ hh (Mg. fifU, placxal in th(‘ flue 
so that the upper end, covenal with an insulating material, is let 

into the wall to about <uh‘ 
half its thicknc'ss, the r(*« 
maindcr liaiiging fna* in thi^ 
fluc‘. This tube* is tilled witli 
pnrallin, and in this is inscaitxl 
tlu‘ thcamomeler. Tla‘ large* 
maas of tlu^ pandliii is actcal 
on by tlii^ nH*an ttan|M‘rafun\ 
but- is uninllutaiceti by any 
slight monamt ary changes 
which may occur. A st^lf- 
rcgis!{‘rmg tlierinomctcr is 
very advantageous^ but rc*ad- 
ings at intervals of half an hour arc sullicient cn'dinarily. Of 
course the opeming around tlu' tulic sliould be packcal so as to 
prevent all possibk* ingrt'ss of (‘old (‘Xtcnmal air. 

Occasionally menmry is ustal inst(‘udof piinifliii. l‘liis renders 
tlie averages of tlu' luait more (»xactty, ptaltnps, but has the tiis- 
advantage of being much laaivicr and mmdi more expensive. 
There are also many dilfitmltk^s in liimdling it wliich dt» not ol4aiii 
with paraffin. The* paraffin Hliotikl he wvll refined, anti have a 
high im‘lting-»point. 

The Uehhng Pyrometer. Tlu* priiicipk* of the (*( appanitus 
deseribcHl on page^ 201 is also applied ifi fbe Oehliiig pyroinefer. 
Th(^ apertiav A (Fig. fH) is loditiat in a iiicktd fiilte wliicli is 
exposed to the lieat to 1 h* mcasurtHh whili* the iifMaluri* /I is lu^pt 
at a lower t(anp(a‘atur(% UHually by iiicdosing it in a idiiimliia* 
surrounded l)y (‘xliaust sttaun at* atmosftlimic presstirta Hie 
suction at the aspirator being cfjiislanf, tin* pnrtinl viicimtii at (" 
will depend on the difference of tcni|H*ndiires at A and /I, and ftiiM 
vacuum is indicated on a, walc*r gage and nkii on ii itaairtliiig 
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gage as in t.he (X )2 apparatus, the graduations being made to 
record temperatures directly. 

A pyrouK^ter and (X )2 apparatus are also combined in one 
macliine. 

VOLUME OF WASTE GASES 

The fmi-ivhed (tneniomeler is an instrument to measure the 
force or rapidity of a (uirrent of gas. It consists of a fan-wheel 
rotahnl by th(^ moving gas, and which transmits this motion to 
an index sliowing tht^ miml)er of revolutions. Burnat used this 
appara-tus to m(‘asure th(‘. cpiautity of air passing to the grate 
und(‘r sinatn boika's. 

Fletcher’s Anemometer. Fl(d.(‘htH*’s anemometer (Fig. 57) 



is us(‘d in ICnghind to asc(n'tain thc^ spcnal of flow in chimtuys and 
In its simplifital form it- is (iuit(* s(‘rvic(aibl(\ It is based 
oil th(» movcancail of a. column of (dluT in a U4ub(‘. 

Tlu^ (mds of tlu‘ glass tub(‘s a, 6 ar(‘ placcal in the Hue project¬ 
ing into it a. litth^ kw than oiu^-sixth of its dianuTcn*. The straight 
end a should b(^ paralkd to the direction of the current, and the 
end b at right angles to it. lluntca proposed bending both ends 
in opposite dircM’tions, to ol)viate tlu^ error (‘austnl if the tubes 
W(a*c^ not HO plac(*d. T!u*hc^ t.ub(‘s commimicaite with the ether 
tuf>e c(L Th(! draft, across tlu^ t.ubt‘s tauises the ether to rise in 
a by aspiration and to fall in h by pn‘ssure. The difference of 
level is read, the*, tubes an^ turned through 1^0 degrees so as to 
revcirsi^ tluar positions, ^and tlu^ difference of level read ag*"*^ 
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The sum of the two (lifferenc(\s is cullvd ih(‘ anc'itiouK^tu’ naidinii:, 
and by means of tables ihe v(‘l()(‘i(y ol Uk^ eiirriait is asenaiairu'd. 

The same trouble is (‘ommou l.o all anenminetc'r nu^thods. 
The flue feeding the fire ree(MV(‘s only th(‘ air passing in umka* 
the grate. Whatever pass(\s in by tla^ doors or thremgh (‘racks 
escapes accounting. On ax^(‘ount of Ibis il, is c(*r(ain (haf llu* cal¬ 
culations based on anemomeba* ri'adings arc* l(nvc‘r than thc^ 
actual air supply. 

Segur’s Differential Gage. Sc'gur's diOVrcmtial gag(' (Mg. 

58) consists of a Udubc'of | »in. glass, surniountcHi 
by two chamlH‘rs 2-1 in. dianu'tci*. Two noii- 
inisciblc iicpncls of diOVremf colcn's^ usually 
al(.*ohol and paratlin oil, an* pla(’(*d in flic two 
arms, one octaipying the* portiem .1//, flu* (dher 
tlie portion Tlic iiancmciU of tho liia* 

of (kannreation is pniporticaiat Oi Itu* ditTonnica* 
in area of tla* c!ianib(*rs and the* tube* adjoin¬ 
ing. A movtaiHMit, of 2 in. in the* t'olunin n^pn*- 
scants |-in. difT(*rc‘nct^ of pressure* or draft. 

Him’s Method, din* appnralus used by 
Burnat. as a efH‘ck on his cavn ealeu!ati<nis was 
d(was(‘d by Him, and is bast ‘d on flee funiinla for 
the rate* of flow of eoniprt^ssed fnan a 

rescn'voir, friction litang neglocletL llie rtcetltiaent 
of naluction us(*d istbll, tlit* om* gi%aai by Dubuis- 
sem in his tnaiiisc* on hydniulics. 

Thc‘ main diflicully in iinsnstiring flic 

differencH^ of prcmin* (»f tin* ntmosplieredn the aidi pit ninl Ihiii 
outside, for tlu* ck^pnwion in the flta‘s in soiiie eaM’s df«s4 not 
ex(5cx*d a few millinu'icrH cif water. Iliriis appiiriifiis removes 
this diflicuilty. 

Burnat dcMaihc'H it an folltww: 

Wlicm making a imi tin* dewu's c»f the ash pit are rtanoved 
and replacKHl by a pi(S‘(* (»f nheid iron, A fMg. o!lb ttliieh rom- 
plcitely shuts out all aca‘t*ss of air (‘Xcept throiigli the ofMaiiiig 
in Urn middle, to which is fltfial flic pifn* r7i. i:is in. iliitmefer 
and 59 in. long. A tube* leads from the front to the uppmntim H, 
devised by Him, placcal on a table or iigitiiisi flit* kiilii’ wnlL 
This apparatus consists of a small giw-holder mtiosi* tipiMW f^iirfiica* 
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is just one de(‘iin(^ier (3.9 in.) on a side. Inside this and above 
ilic wiiivv l('V('l tlu^ B opcais. The bell dips into a vessel of 
wabn- and is suspended from a balance arm. 

The balance beinij; in eciuilibrium when the atmospheric 
pr(‘ssur(^ a.cXs on botih sid('.s of tlu^ bell, if the interior is con- 
iK'clt'd with th(^ ash pit tlu^ vv(‘ight needed to restore equilib¬ 
rium will give a measure^, of thc^ dillercnce in pressure. The 



wcught of half a, gram (7.7 grains) r(‘pr(\s(aits one-twentieth 
millimeter (0.002 in.) of waicn*. 

The formula adopt cal by I Urn is 


V NXtf 




//X().7(l(l+().()(«7/') 
O.OOIH/^ ' ’ 


HI 


ill whirli 


P'' = voluin(‘ (tf air introduced undi'r tlic gralc' in culiic. meters; 
jS’ESHcctiou in wjuarc mcli'i-M of piiic-opcniiif!; leading air to the 
jihIi pit ; 

().l)K=e(K-irieient. of naluetion; 

/i difTereiua' of [iresHure (‘Xprensi'd in lu'ight of water; 
/^=^haronief.rie pre8Hure in the room; 

temjK'rature of the room; 

(/ = acceleration of gravity = h.HOHK meters. 

Kent’s Gage. I''ig. <H» n-pri'Himts a sensitive and accurate 
draft-gage <-onstrucled by William Kent. A light cylindrical 
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tin can A, 5 in. dainu^lnr and 0 in. hi^h, is invtnicMl and suspcaukal 
inside of a can /i, G in. dianu'Un*, i) in. by iiK^ans of a lon^i; 
helical spring. x\ J-in. tube is pliunul insidt' of (lu‘ larg(‘r can. with 
one end just below the level of (h(‘ up[Ki’ whik‘ tli(‘ oilu‘r 

end passes through a oAle (Uit in llu‘ sid(‘ of lh(‘ can, (‘losc^ to 
the bottom. The (uin is hlled with wabn* to within a!)oui half 



¥m. IM).—Draff 


an inch^of the top, and the imier eiin is siiH|Maidt*d by flit* spring 
so that its lower talgc* dips into the* water. 


I he small tube being opcm at I Hit It eittis* the air iiielosed 

in the can A Is ut lUtiionphcnc prcnmu'e, niiU »lie hprm« fs- 
tended by the weight ef ihe ciui. 'ri„. ,.„d „f ihe (ub,. whirh 
projects from tlu^ bottom of Ihe ean beiii^ now eomieefed Ity 
means of a rubber tube with » lube leuiliuK inb. (he (1,,.., oV 
other chamber, whow-, draft or s.aetiou is lo h* measured air is 
drawn out of the <.uu A until (he pr,.^ur.. of (l.e romaininK nir 
18 the same as that of tlu. flue. The external atmo.sphere pressing 
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on the lop of lh(^ (‘an A (‘aus(‘s it to sink deeper in the water, ex- 
t(aulinj»; the spring until its ineix^asc'd tension just balances the 
difTeien(‘(‘ of t h(‘ opposinji; verihxil pix'ssuri's of the air inside and 
()u(sid(‘ of t.lu‘ can. Tlu^ {)r<)(lu(l; of this diflerence in pressure, 
cxpr(‘ss(Hl as a (k'ciuuil fraxdion of a pound pea* scpiaro inch, niul- 
tiplk'd by tlu^ intxa'ual aix^a of t lu^ can in scpiare in(‘.hes, ccpals the 
t.(Mision of th(‘, spri!\f»; (ab()V(‘ tluit du(‘- to tlie W(‘ij»;ht of the (‘.an) 
in pounds or fraction of a, po\ind. The (extension of a helical 
spring beirig proportional io thc‘ forc(‘ applied, the distance traveled 
downward by ih(^ (‘an A naxisiux^s th(‘ for(‘e of suction, that is, 
the draft'. Tlu'. inovenuait. of th(‘ (‘an may (‘omaaiumtly be 
ineasuixHl by ha.vii\g a. (‘(‘lluloid scal(‘ gradua-k'd to fiftieths of an 
iiuk fashau'd to th(‘ sid(‘ of t'h(‘ (‘an A, the (‘an (xirrying an index. 

I'o r(Hlu(‘(‘ the r(‘adings of th(‘ scale to tluar (‘(piivalents in 
incluvs of watxa* (*ohnnn, as naul on the ordinary U-tube gage, 
we have thc‘ following formuhe: 

IaA /Fr forc(‘ in pounds rc(iuir(‘d to stix'tch tlie spring 1 in. 

E (‘longation of th(‘ spring in in(h(‘s; 

A anal of tlu‘ inn(‘r (‘an in s(iuare imhivs; 

(/ = difT(axaic(^ in pix'ssun^ or force of the draft in pounds 
|Ma‘ H(juur(‘ inch; 

D = dilTer(aH‘(‘ in pnwurc in inch(‘s of water = 27.71(i. 

I 

n ^7.71W‘. 

.1 ' 

I, 

Tht‘ luHt ('(Hintion hUows that for a constant force of draft 
the elongation of the Hi)ring or the movement of the can may 
Ik* inereHMc'd by iiaTeJiaing tla* area of tho can or hy dcicrcas- 
ing the Htrength of th(“ Hpring. 

Applying the above ha-mnhe, the movcmient of the can eorre- 
Hponding t« a draft of 1 in. of water e(*lumn, the can A having 
a diameter of 5 in. = Itl.tW in. an'a, and the spring of such a 
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strength that 0.1 lb. elongates it 1 in. Here /'-O.l; /I = 10.63; 

That is, the instrument inuKiplif's fh(* r('!uling.4 of (lie l'-(uh(‘ 
7.09 times. The precision of llie iiisfrunieiif is, lio\v(>ver, 
far greater than this figure would indicatts for in fii(‘ I'-fulH' it 
is exceedingly diflicult io read with precision the diiTeren<'(> in 
height of the two menisci, while with this aiip.nnitus readings 
in the scale may easily be mad(' to Vno ini'h, which with the multi¬ 
plication of 7, is e<iuivalent to of an inch of water eolumu. 
The instrument may also h(' calibrated hy directly coin|)aring its 
readings with thosc^ of an ordinary I’-tulx* gage. 

The Ellison Differential Draft Gage (Mg. ill) eon.sist.s of an 
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inclined tube of small caliber attached to a vertical tube of large 
diameter. Thesi* are mounicd on an altmiiniim c.-we. with a 
graduated scahi along the inclineil tube, 'i'he iuhes me filled with 
a light non-drying ruincrid oil (sp.gr. (I.HlMl, and !hi< gradualimw 
are so niade that the figures eorrespond to hundiedfliH of jin inch 
of water-level. In the comlnnation gage the lower i*nd of the in- 
dined tube joins a U-tuhe, so thnf pres.Hiue.M up to m. i.f water 
may be measured, the gradiuitioim in llu- C-tulte tenih.s of 

an inch. 

The Blonck Differential Draft Gage regiwieis n difTeience 
in presaum or draft iH‘f.W(H*n the dmnjier and the rmnnec. 
The amount of gas flowing from the runiace f.. the flue dmiijMT 
is proportional to the veloeify. 'I’he velocity dejH-itds on the 
difference of pressure at the entrance and the cjui of the pas- 
sage. If the gases wcm of uiiifonu temjKTafiUf anti presHim?, 
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the quantity llowinp; would proportional to the square root of 
the pr(‘ssur(‘ didin’CMuu^ hut tliis hiw is modified by variations 
in th(‘ t>(nnp(‘rature and dc'nsity, hut within the ordinary range of 
conditions of hoilcu' praethu^, it is ai)proxiamtely true. If the 
furnaci^ conditiions a-ix^ (x)nst.a>nt, so that the gas always contains the 
eainc p(‘r(‘('nt'age of ('Oo and of (), then the amount of fuel burned 




Normal tiporatltm of boiler; 

2, a'<H> mueh air, fiu^l bed too ttiin 
lu)k)rt in lire; 


U, liltlo air, fuel Ih..hI too thlokor 



liix' ehoked by nlag; 
Iloltor ruimiiig with overhaul, 



ft, Holler rumiinn with uuderload 


Fin.Hi.—Diiigniinuf llliatek Kilieimuy Metiamul Prineipal Indications of the 

* Ifi.slruiiaait. 


in a givtai tinu^ is proportional t-o ih(» gas volume, and the boiler 
capacity is also appniximaitdy proportional to it within moderate 
ranges of excess driving. Having onct^ established by experi¬ 
ment th(^ ditTenmee of draft pnwure that gives a normal rate of 
driving of a givtm hoi!m% a dilTcatmtial pn^ssure gage will indicate 
whether the boiler is developing more or less than its rated 
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capacity. An incr(‘as(^ in th(‘ draft Indwtaai tlir finanua' and the 
damper may, h()\vev<‘r, Ix' <‘aus<‘d n<d- only by nx<x‘ssivi‘ drivinii;, 
but also abnormal furnact^ conditions, suc‘h as too thin fin\s or 
holes in the lires. (‘onditions may lu» slmwn l^y a sea*ond 

gage which shows the dinVriauH' in |)r(*ssur(' Iniwcam tla* ash 
pit and the furna(‘(\ If tiu‘ normal diflVnaua* for a given ratt‘ of 
driving be esiablisluHl, a. d(M‘n‘asi‘ in that dilha’tmet^ means d('- 
creased resLstanee of the fu(‘l lu*d, \vlu(*h may Ih‘ dm* to thin fin‘s 
or to holes. An inen*ascd dinVnaHx* nu‘ans inen‘ased rt\sistnnre 
caused by too ihi(dv tir(\s or lin*s cludoxl by elinker et»al or by c*aking, 
or grat<\s ehokcal by ash or <*linkt‘r. The Illonrk ellieieney under 
(Fig. 02) takes the pla.(‘(M)r tin* two gages. It eonsists essc*ntia!ly 
of two sensitive* draft* gag{*s. The louer one is tilled with n*d 
oil and gives a rcTdive* indiention e)f the pressurf* willi \Uii(‘h tin* 
air passes into the furnace* or the* revihfaiiee of tin* find lH*d. I1ie 
upjKW gage is fUl(‘d wit It blue* <nl, am! give*^ a relative* unaisure* 
of the amount of (‘omhustiem gasi*s |»a:s4ug the boi!i*r pri»|H*r. 
The meter is providcnl with two sliding .sealt*s wlueli are to lx* aeb 
justed to the* b(*sl. ami most' edlieiemf o|M‘ratiug eennhtitm e>f tin* 
particular l>oil(*r. The d(*<hu‘tie!is tee be* reael frenu fin* varieniH 
positions of the oils in tin* instrumc*nl an* .Hlnu\u in tin* eliag»ram 
below ihe^ illustration. In en*(le*r be insfrui*! the fireman abenit 
the corr(H*Uon of wnste*rul e‘onditions in tin* fire, tin* slnhug M*ale*s 
are provided with the abhre‘viation^; inermitl poMiiuu inrreuv): 
excess air (+ air), and lae*k e>f air ( uirh 

The Uehling Triple Draft Gage (Fig. 0.1 1 is amuigee! to show 
the difference* in pre*asuri* be*! ween the hhIi pit. I lie eombuHtton 
chamber and th(‘dampe‘r a! will. Altaelnxl lu of the seiile 
in an inclined position is a large* glnsin lul«* /,/, foitlaimiig a Miiiidl 
tube 11 whicli protnules from tin* liitii* IJ. at iIm tiii|x*r end. II 
and L r(*Hpe(*tive‘ly art* in eommuiiicatutu with tin* valve 

C through the conneTlioiis I) ami K, The ^ah** Ibia further 
connected ilirough suitable* pi|«’s J with tin* :m!i pit, I ttilh the 
furnace and (} with gas exit lH*twei‘ii the l«iilei‘ and itie daiii|«*r. 
The valve (/ is o{K*ratc*ei l»y it movable J mlurit nwolves in 

front of a dial upon wlue*h the lf*tt<*rs tO 7\ F, li me ‘diottie \\ hen 
the index points toO, II imel L are in eoniiiitiniraf nm and the gage 
shows Z(a*o, Wh<*ii it is niiovt*e! te» 7*, II itiitl /# are in rtnitiiiiiiiirii- 
tion r(*a|K*ctively with A itiul (I and the gngr e!it»ws thi* total 
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draft between (,he awh pit, juul damper. When the index is 
moved to b\ // and L r('Hp('etiv('ly communicate with A and I 
and tlu^ gage; shows furmuu' elraft, i.e., the drop of pressure or 
resistance; t.hrough the; fire. If the index is moved to B, H and L 


. |T« OwmtmaUoa, 
\ I Chamber 


T» A«h 



Fifi. Ufhling Triple Draft Gage, 


n^HptH’iivcly (*(nnimuucafc‘ with J and (1 and the gage shows the 
boiler draft, tlu‘ drop of pressure between the furnace and the 
dainpta’. 




appendix 


mnum , tests 

iporation lantH of stc^iun hoiloYH nhowld l)e conducted in 
inc<^ with ih(‘ Pow(‘r (’ode of I he American Society of 
n(*al hiiiginc^c^rH. 1 hone* portionn of the code relating 
ally to hoiha* tentn are almiraeUal bedow. 

iNHTIilK'TlONH Hk(JAI{I)L\'0 'TkHTH IN (IkNKEAL 
(C’edc* uf 1915) 
oojKcn' 

rtain i\w aperific ohj(*c*t ef tlu* ivni, mid keep tIuH in view not 
' in the work of prepnrutioin hut uIho during the imignsHH of the 

ii(‘Htitum of fullillmtaii of eontraet are involved, there nhould 
ar undtaatimding between all the fmrta*H, pnderably in writing, 
ic ofKi’ating eouditioiw whicdi ahould obtain during the trial, 
lodn of legating (o bt* followiab eorreetiouH to Ih‘ made in cane the 
:m aetually exiating during tlu* teat differ from tliowt apeeified, 
t»lh«w matters id«mt wliieh diapute may ark‘, unlcHB theae arc 
LiKpiwed in the! eonfracd. itaedf. 

eilKeAUATlONH 

'tmimm. IVItaimire tin* climenHiona of tla^ prinelpal partn of the 
w to l«! tf^hted, m far m Itiey twair on tlie ohjeetn in view, or 
le fliem from working drawingH. Notiee the general featuren 
ipiimtuH, hoth exttwior and intcu’ior, mid make aketehea, if needed, 
uniwnd |«uiiIh of design, 

rt of the heiiting aurfaeea of htiilers and «i|M*rIieaterB to lie found are 
1 tif aurffieeii in eontmU with the firt* or hot giweK. The* auhmergtd 
Anm ill boilera at Ihe mean water level ahoukl In* eonaid<‘n»d aa water¬ 
ing «urfiiee«, mid other aurfint*« whieh art' exiaiwd to the gases as 
fliemting aurfacei. 
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Examination of riant. Mnko a thonaiRli oxaniiitatitni of the physical 
condition of all parts of the plant c»r apparattw whirh c'oncaTn the object 
in view, and record the conditious found. 

In boilers examine for leakage of liihes and rivi'ted nr uthvr metal jnints. Ncjte 
the condition of brick furnaeeH, grates and IndfleH. ^‘Xamiiie brick walls 
and cleaning doors for air kaiks, eitlaa* by shutting fla* dani|HT and 
observing the escaping smoke or liy eaiullcjlame tcMt. Determine the 
condition of heating Hurfaees with refereiiei* to exteimr iirposita of soot 
and interior deposits of mud or scide. 

If the object of the test in to tleteriniiH' tlie higln*st t‘l!iekuiey or 
capacity obtainable, any physieid dtdeehx or defi*ets uf cqa*nitic>ib t<*nd- 
ing to make the result unfav<»nd)lf‘ ^htmId find be remedied; id! fouled 
parts being cleaned, and tlu^ wIujIc* put in tii>4'eliiMM eciiidifion. If, 
on the other hand, tlie iibjeet is to le-eerliiiii Hie iMuluritiiinrt* under 
existing conditions, no such pniinnitimi eitlii*r required or de^4^red. 

PnmiilionH agaiunt Ijnkagi\ Itt steam te-^d^H make mtv thiif fhiTC 
is no leakage through hlowotTs, tirips, ede,, or iiiiy eftxniit or wafer eon- 
nections, which would in iiuy \uiy itlfert the reMtlf-i. All such euimec- 
lions should be blanked ofT, or mti^lnrtory rnmnnuT iditiiiki la* ubtaiited 
that there is leakage ntatlun’ out ni»r tu, 

Apparatm and luntrumtni^i. Set* tliiit the iip|inrnfiiH and instru¬ 
ments are Hubstautially ri‘liabk% and nrntiige fheiit in eiieli it way ii« to 
obtain correct data. 

WeighingSealn. For deftTiniaing the weighf id wid. i>il, ttiifeix etc., erdimtry 
platform scales wave every puf|H»«e, ’rite tiuii’li iif*|«*wieiii’e, however, 
should not he placed upon their irlmbilti) ttiflunif Ium! riilibrafiiig lliem 
by the use of Ktimdiird weightr^ and mtefiilH the kiiif«^^*dgeg, 

bearing platen, ami ring sur^auifaitiia, to m'c ilint tliry lire id! m gciml 
order. 

For testing loeomofiveii and liiniie of miutiie l«ider», where 

room is lacking, wicks or biig!4 are woineiiiiirM irqinn-d q. Iiirilititfo flic 
handling of coal, the weiglntig lieing tlone before ioiidiiig on the tnitltfr 

or delivery to tlie fni* room. 

Wuler Wtighing and Mrnntinnii Apimmtnn Wfineirr |itiirtiriifj|o the fiml- 
water should he weighed, ea|»eciitll> for gintiiuiirr 1 In- tiintif mitm* 

factory and relitdile nppiiriilini for tiiift « »if itnr or inore 

tanks t*aeh plaeetl on pliuforiii wnlefx ilirw’ hnug ri«-\i*fr*i| $% unlhrieiit 
distance above* the floor to empty mio a f<*ri'-niiig f.inli |4iit'*’d Ddiiw, tliii 
latter taung connected to the feed fiiiiki4 enlibriiletl 

by weighing may alwi l«* ti«ai 

In t4*at«of completesfeiiin |iotter iiheii* it iti iri|iiirri| it» itinimire 

the feedwater without unnetawir) rhiing*^ «♦ the riifiiiitiiiiw, ii 

water meter may employed. Klrter iiieiiMifeitiriif iiisiv D’ rf‘i|iiiml 
in many other ewes, Midi iia Imannotivi' iiiid miiiiiir firr^iro llte ami* 
racy of mcteni should Im deteriiiiiird by riilibiiifafn m piiirr umhf the 
conditions of 'une. 
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If a large (luantity of wal(T in to measured, an automatic water- 
weigh(*r, a rotary, disk, or Venturi nutter, a weir, or some form of orifice 
ineaHuremcuit. may Ih^ (‘mploycnl. dlie mc^asuring apparatus should be 
ealil>ral(*d muka' (li(‘ eonditiouH of use, unless its design is such that 
standard formula* and consiantH may be applied for determining the 
discharges If n'cording mechanism is (*mployed in connection with orifice 
or w(*ir nanimiring upparatus, inak<* sure that its record is reliable. 

Steam Mvatmrifig Apparatim. Various forms of steam meters may be employed 
for m(‘aHuring Ht(‘am, provid(*d Hu<‘h m(‘t(*rH are properly calilmited under 
conditiouH td* us<*, and tin* pulsations of pressure, if any, arc not serious. 

J^remure (ragen. For dt*t(‘rmining prt'SHure thc^ gages belonging to the plant 
may In* us(‘d, provid(*«l tht*y an* <*ompan*d with a standardized gage of 
the spring or mc*r(*ury type ami v(‘rituHl, due allowance being made for the 
ht*ad of water, if any, Htnnding in tlu* connecting pipe. Huch comparisons 
sluadd be* made with both gages at their inspective normal temperatures. 
In the* use* of spring gngc*H for Htt*am the* gages should he protected by 
propt*r HyphouH or watt‘r Hc*alH atal no k‘akag(* should be allowed at the 
gage-(‘oek. Tht^ gagc*H should also bti lociited so that they will not be 
unduly litadcal. 

Thermmmivrn. Thermomc*(erH nhould be* of the kind having graduations 
markenl on tlu* glass Hitan. dlujse uw*d for tc*mperatur(*H al)ove the boiling- 
point of tnc*reury (orsay aluwe 5tH) <k*g. Fuhr.) should have nitrogen in 
the top of the I urn*. Thc‘y slumld also have a small safety bulb at 
the top- Tlu*nn(unetc*rs camstrueted in this way can be used satisfac¬ 
torily up tcj HMM) ik*g. hahr. 

I1u*rm<mu*ters wlnclt an* uscal ft^r ineporlaid data should be calibrated 
before* and aff(*r a t«*Ht, by referc*nc«* to standard thermometers. 

M<*talhr pyroiiu*tt*rH ft>r dt*termining high temperatures 

imwt be handkal eatUuaLHiy owiiig to the* difliiiilty (d exposing the wdiole 
of the «le*in to llie current (d gas, tlu* tempt*ratun* (d which is to be deter¬ 
mined, l•^lee^^e pyroineterH eillu‘r cd flu* th(*rmo»couple or resistance 
tyiM* are aalisfacttu'y for this wtjrk witliin tlu*ir practical range, which is 
IHCM) deg. hahr. for iron-ni<’kel emipleH and .'I(HM) dc‘g. Fahr. for platiimm- 
iruliuin taniples or plaftntim reHisfanei* pynmu'ters. Instruments of this 
kiiui can nudily be ealtbraf<Hl by rouipiiring them at low ranges of tem- 
IHTidure with a standanli/.ed merenriid thernuaneter, hotli bt‘mg placed for 
exanipk* m a vnrrvut of hot lur tlie tem|H*rature cd which is umk;r control. 
For <‘xtn*inely high teiii|H*rfiturc*s mivh as that td a lH»ik*r furnace, the opti¬ 
cal, pneuinatie, and radiation pyrometers may he used. Tlu? calibration 
«d highdeni|«*ratnrc* uudrumen!s can lu*st k* undertaken in a laboratory 
eH|i<*eudIy tiffed for the purpow*. 

iMtfi itugm, When the ordinary I’-tnlu* is ki*pt ck'an and the two legs are 
ck»i4e together With the sntk* extending at k*aHt to tfie (‘enter of eatdi leg, 
it gives satisfactiuy ituheatioiw. For measuring small amounts <d draft 
some form «d multiplying giigc* may k* empIoyt*d, mich as a ll-tube 
in whii*h one leg k iiieliiied fnan tk* horizontal, tlie inultiplkartion 
varying mvi*rf«dy as tin* f4iiu* <d the iingk* td inclination, the tube kdng 
filled with II light mnu*rid oil. 'Hiese can k* ealibrateil by comparison 
with the tample r-tiilu* gage when indicating a high-draft, say 1 in. 
or mort*. It m fierferiitile to um* kerosene instead td water in the U-tube, 
and iitiike iilluwaiict* for tlie diflerciuu? td s|rcifit? gravity. Draft readings 
lihoulil k* exprcHM'd in iiiclics td water-tmlumiu 



220 


APPENDIX 


Slea7n Calorimeters. The tmmi HatMiietury iiwtruini'iita U*t deteriiuiung the 
amount of mointure in Httaun an* ndurintft^TH that upun the 

throttling principle, or Ihnf coinhiae thf* throttling ami ?^i‘pnrating prin¬ 
ciples; the orifict' uh(h 1 luang of siK’h m,v nn to flirofth* to ntnioHplicric 
pressure, and the instrunamt heing prtJvahHl with two fherrnoinetcrH, one 
showing the tcanperaturt' alH)Vc tla* {»nfic<' nntl fho other that lielovv it. 
Instruments working on tl»e Hcparating prineiple ithuic luny also l>a 
employed; also certain fornw of chaine cidoriitH‘terH. 

Fuel Caloriniders. Tcj (h‘tcrmiiH^ the total lient of cjanlaHiam of n mmple 
of eoalor (ither fuel, tlu* In^st hain of <'niorui)etcr m ono m winch thi» fmd 
is burned in an atmosphere t>f oxygen gas. The Miihler ly|M' of t'ldorim- 
eter is recognised as tht» inosl comphUe and in'cnrnfe tipparnftis of this 
kind. The total land, of coinhusliou «}f gaa aimiihi tie founcl by burning 
the gas in the JunktT cnloriineter. 

Smoke DeierminatmL No wholly HiUtsfactory mctlmibi for luitoke diderinina- 
tiona have yet come int<» umi\ nor have anv rrhabic incfliotifi l»een esifdi* 
lished for definitely fixing <‘vcii the rclafiw dneiilv of tin* mnoke iMstiing 
from chimia^ys at difTt*rcnt tiincfi, < hio luoilioil runiii»»nlv cmployiHl 
which answers the purpose fairly w'cll, e-* that of imtluiig Ircqiieiit vwuid 
obsc'rvationsof the clnmncy a! intervnhiof oitr niinufc or le*4M bn* n |«*riofiof 
one hour ami recording (heobs<*rvet! rhiirHiicitHficr^ acrortling to the degnai 
of blackness and density, and gi^ung to the vaiioti-i dcKreeii of Huioke an 
arbitrary ptTcentage vahic ratinl in wane laieli iiiiitiiier lei that e\pre»tai 
in the following tahhe 




Densc,^ hlac*k .... 

l«l 

Meiliuiu black... . 

htl 

I )tmw* gray. . . 

tm 

Medium gray. . . 

411 

Linlit gray. 

ai 

Very liglit....... 

fl 

IVace........... 

1 

(Jlear chimney....... ..... 

tl 


The color ami density of hiioIo* drjiciiii Muiiotthiif oit the rliiinirler of 
the sky or other hackgrowmh mid on the mt liini iieoiher roiidilituw 
obtaining when the ohnerviifioti m iiiiitie, iiiitl thew^ rdioiiid iiiveit dun 
consideration in iiiiikiiig eoiiipiinwuifi, llbw’rviitioie» of fiii« kiiiil lire idmi 
subject tti iK'wonal errors find errorii of jiidgiittuif llieit! 

methods are ustdul, e«|aH*iidly wlirn the rrMilin m** filtiifrib nerofdiiig to 
the |mreentiigt,i seidc deteriiuned on, so Hint n griiptnr of the 

changes can be shown. 

HAMPWNtl AKP tlllfixil vmh 

Select a repH»imt4itivti Hlmvelfti! froiii i^rti bjirroirdiuitl itn it m 
drawn from the coal pile tir other wiiirce of mnl ntnio ihi^ 

in a cool place in a covertal metfi! reee|itfirle. \\ luui all fitr mml lliiw 
been Bampled, break up tim IliiiriiiiRlily tlw* whiili^ 

and finally reduce it liy the prticim« tif re|M*iile<l iiitiirlriiiig unit rrtiftldiig 
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to a Hamplo wtaKhiiip; about 5 lb., ih(^ largowt pieces being about the size 
of a pea. hroiu this sample^ two l»(|t. air-iight glass fruit jars, or other 
air4ight v(\ss(‘ls, nr(' to b(‘ promptly tilled and preserved for subsequent 
determinations of tnoistun*, <‘a,lori(h‘, valu(‘, and cliemieal composition. 

When l.hc‘ samph‘ lot of coal has Ixani nnluced by (juartering to say 
UK) lb., a, portion w<‘iglung say ir> to 20 11). should be withdrawn for the 
purpose of imnuHliate moist un^ d(d.(‘rmination. This is placed in a shallow 
iron pan and dri(‘d on {h(‘ hot boiha* flue for at least 12 hours, being 
weighcal bed’ore and aft(*r <lrying on seales reading to (piarter ounces. 

Tlu» moistun' thus (hdcn’mimal is approximately reliable for anthra¬ 
cite and semi-bituminous coals, but not for coals containing much inherent 
moiHtur(‘. For such coals, atul for all reliable determinations the method 
to be pursu(‘d is as ibllovvs; 

Take om‘ of the* nampIcH contained in tlH‘ glass jars, and subject it to a thorough 
air drying, by Hpnaiding it in a thin lny(*r and exposing it for several 
hours to the ntmosphen* of a warm roon), wtaglu’ng it before and after, 
thereby ti(‘t<*rmiuiug tlit» (juautity of Hurfacc^ moisture it coniains. Then 
crush thf* wholi' td it by running it through an ordinary colTee mill or 
other Huitid)Ic cruslicr adjtwtcxl ho as to produce somewhat coarse grains 
(lew than Vm in.), thoroughly mix tin' crushed sample, H(d(‘et from it a 
portion of from It) ti) nt) grams (say fn. of 2 oz.), weigh it in a balance 
which will <nisily show a variation as small as I part in UKK), and dry it 
for erne hour m an air <a‘ Hand hath at a t(‘mp(a*a(ure betw(‘en 240 and 
2H0 deg. Fahr. Weigh it aial record the loss, thtai heat and w'cigh 
again until the minimum weigh! ima Imhui reacluHl. difTerence 

hetwetni the original and the minimum wtaghl is the moisture in the air- 
drietl coal. 1lie sum of tin* moisture* tlms found and that of the surface 
inowturc ia the* total moistunx 

If a large drying oven im available* the moistim* may be determined by 
lieatiiig one of the gjiwa jar« full of eoal, the cover I M*ing removed, at a tem- 
|M*rature liet\ua*n 240 and 2K0 d«*g. Fidir. until it r<*aeheH the minimum 
weight. 

With certain Iigmtc lower tein|M*riifuri*H for drying may be advisable. 

.\l4ttr.H AND UKhVm 

Tin* general method nbovt* dcHcrilital may also Ik* foIIow(*d for obtain- 
ing a Hiiiiiple id the ii,Hhi*s iiiitl refuw!, and for determining the amount 
of niokture, if itny, in the Humple. 

murumi WTEAM 

(don^fniet ii wimpling pi|K^ or iiowJe minie of }i4n, irf)n pipe and 
inw*rt it in tin* i^teatii tniiin at ii imni wliere the (^trained moisture 
ia likely to la* iimst thoroughly snixtab Tlie inner end of the pi|)a, which 
«lioiild exfeiitl nearly iieroHS to flit* op{K»site side of tlie main, should be 
eli»Kl iiimI lilt! interior jiortioii |M»rforiitecl with not less than twenty 
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holes equally distributed frotti c*nd to eud and preferably drilled 
in irregular or spiral rows, with the first holt* not less than halt an inch 
from the wall of the pipe. (S(H‘ Eig. hi.) 

The sampling pipe should not. b(‘ plaecMl m*ar ii point wIhti' wator mt%y pot*ket, 
or where such water may atTe(*t, tin' amount (if moistnn‘ rontained in the 
sampler 

PUOXIMATK ANALYSIS OF AUi-nillKn C’OAI. 

To determine volatile mntttT plnet^ about I gram of the air-dried 
powdered eotil in the erueihle and hc‘at it in a clryiiig <iV(*n to 22(1 dog. Falir. 
for one hour (or longer if neeessary to obtain tlu' nniiiinma weiglit), 
cool in a desiccator and weigh, (’over the erueibE with a Ifioso platinum 
plate. Heat Bcven minutes witli a liiuiMm burner giving a t] tu 



Fui. h4.—Pi|H* for Hampliiig Hioam. 


flame, the crucible Iwang Hup|>orted .1 in. ii1m»vo tlm fop of flii' Inirner 
tube and protected from outnidt* tiir current h by n evhiidrieal iislunstos 
chimney h in. diameter, (’(wd in a desiraiitor, niinor tin* euver iinil 
weigh. The loss in wtdglit represents the volittile mitlfor. 

To ascertain the ash, heat the residue in the eriieibie by n bliisf Ininp 
until it is completely btirncHh using a streitin o\ygeit if ilesiretl to liasten 
th(^ process. The n*siiiue is thi* aslj. 

The difTiTenee Isvivveen the re.sidue hdt after the t^^ptilatoii of llie 
volatile matter and the ash is the fixed cartKm. 

HAMCLINtl FLtlK Hmm 

The sampk^ for flue gim analysis sliould la* driiwn froifi the regliin 
near the center <}f the main body of i*wiipiiig using a finffipling 

pipe not larger than |4-in. gas pifM*. Tfie faiiitf .srln-trfl In* tim* 

where there is no chance for nir-leakfigc info the flue ulnrh roiild ntfeet 
the average (luality. In a routul or Hciiutri* tine Itnviiig an iin*a nf iiol 
more than ontHUghtli of tlie grate surfiiet% Ihe wtiiipliiig pifw* may la* 
introduced horissontally at a centrid line, or preferiibly m liftli* luglirr llinii 
this line, and the piixi should eontfdii |jf*rforiitiitiss rvleinliiig the wlio!e 




BOILMR TESTS 


223 


knigtli of tlu‘ pari iiiniun'scal, pointing toward the current of gas, the col- 
l(Mdiv(' ar(‘a of th(‘ peniorations h(*ing lc‘ss than the area of the pipe. The 
pipe' slandd la* fnaiuently nanovtal and cl(‘ati(‘d. 

It is advisibh' to (ak(‘ sampl(‘s both from the (lue, and from the fur¬ 
nace, HO as to d(‘t(a'min(‘ the amount of air l(‘akagc through the setting and 






Fiti. rtfi, Metlaul of Hiiiiiplirtg Fha* (hw. 

ilie chaugcH in tlaMaanpusititm of the gas !)etwc‘enthe furnace and the 
flue. 

It m !«*st to tiraw a eonliniaars wtiapl«% using a suitahlc^ aspirator, and 
provale II hranch from whirls to obtain th<‘ tent-sample, dlie tesb 
liiimple ran then tw’ tiiken <nther moiiamtarily or nmtinuouHly, according 
til the ri‘i|mremeiits. 

Minet*;LL4NnorH r\»TEtitTioNtt 

11m la^rson in ctiiirge of a te^4 shoul I have the iikl of v sufficient 
iiumlter of as..T4aiifs, mi llmt he may he fna‘ to give H|KH‘ial attention 
to any part *»f the Wf«rk whtiieviT ais«l wlHTc*\*t*r it niay la* reciuinaL He 
shotihl niiike laire flint the iii^triiinents and te>ting apparattts contimuilly 
give reibhie iinltciifioms and that the reutlings are eorrectly reconhal 
He shotild Iihii keep in view', at all iMitiifs, thc‘ o|MTOtion of the plant or 
part of the t**st and see fliat tht^ o|M'rating eonditions deter¬ 

mined on are nniintfiiiied and that nothing oc’curs, bther hy aeeident or 
di^sigii, to vitiiifi* tlit* data, litis lust preciiutitm b es|aH.‘blIy needed in 
Kiiaritiiti^e tmin. 
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Before a test is imdertaken, it is iiaportmit that ihv hoik^r, engine, 
or other apparatus eoueenuul shall have lanai in op(‘raikm a Hufliekait 
length of time to attain working teinp(‘ra(un‘s ami pru|H‘r oiuTuting 
conditions throughout, so that tlu^ results of the ttvt inny twpress the 
true working performance. 

It would, for example, b(‘ manifeHtly inpro|H‘r to start a fur ikamanining 
th(‘< naiximuin etlkueney of an t‘xt<‘rnally tir«‘d InnltT with a hrifk setting, 
until the boiler had been at work a, HutUrient nuiub«‘r of days to tlry out. 
thoroughly and heat the brick work to its working ttmt|H*rature. 

An exception should be nott'd w*ht‘re tin* object of the tent is to ohtnin 
the working perfornianee, including the* ihVet of preliniinnry beating, 
in which case all the conditions shoukl eontorni to tliose of r(*gular 
service. 

In preparation for a test to tkanonstrale inaviininii ellieieney, it w 
desirable to run preliminary tt*stH for the ptirpoM* of deterinining tlie 
most advantageous (umditions. 

OCKUATINCI eONtUTmN'H 

In all tests in which tin* object is to dofermine the |«*rfiirni;met* 
under conditions of maximum t*tlieit*ney, or where it do: tied to iiseei% 
tain the effect of pred(*tcnnim‘d conditions «tf o|M*r:itioii, all .^.iieli comb* 
tioiis width have an appn*ciable elTt*<’f ii|H»n tin* ellieieiiry s|ii»iild be 
maintained as nearly uidforin during the trial ns the tiinifalioiiH uf uraefi- 
cal work will pt‘rmit. \Vhc*rt* maximum t*llicieiiey the olijerl in \te\v, 
there should lie uniformity in such matters as of 

firing, quantity of coal supplmd at t*iieh firuig, ilurkiirHM iif find jn 
other firing o|M'rationH; also in flit* rntt^ of sii|i|»!\iiig thr foniwiiti'r, in 
the load, and in the <»|>mding eomlitimr^ tlirtuiglioiif, cin thi* oiIht 
hand, if the olijta't of tin* ft*st h to d«*leriidiie tin* iieiforntiififr under 
working conditions, no attempt at mdforiiiit\ ntlior df^uied or reqtdnal 
unlcHH this uniformity eorrf*s|M>ntls tu fhr regiiljir fuiirtirr, aiiil wIihi lids 
is tlie object the usual working comlitimis shouid pm ml tliriiiigiifuit 
the trial 


iiKcmiitirt 

A log of the data should \m entered in iiof4oliiif4,ii ur on liliiiik slirrf.ti 
suitably prepiir<*d in advanee. IIuh slioiilii tlom* in Hitrfi litanmT 
that the test may he divided into htiurly nr if 

of less duration, and the leading ilitfa obtiiiiied fur miii niif nr nnii#* iiuiimIm 
as desired, thereliy showing tlie clegret* of iiniforiiiity oblniiini 

The readings of instruments and ii|»|iiiriittif4 roiieeriit*d in tfii* hmt 
other than those showing tunintities nf f*air!i ».*! fneh 
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wat(T, and riikK should 1 h‘ (ak<'n al ini(*rvalH not exceeding half an hour 
and entc‘r(‘d in tin* log. \Mi(‘n {!u‘ indiraiions fluctuate, the intervals 
sliould 1 h* reducc‘d. In lh(* case* of sinok<» ohs(»rvations it is often neces¬ 
sary to takc‘ ohsorvuliiuj.s ovt*ry inimile, or still ofteuer. 

iMnkc* a nionioranduin of evtny owtil connected with the progress of 
a t<‘st, h(avcv(‘r unnecessary at tla^ tinic‘ it may appear. A record should 
he mad(* <jf thi* (exact tina‘ of i^vc^ry such ocanuTcau^e and the time of taking 
cn-ery vvtuglil and ('Very ohHcu’valicm. For the purposes of idcmtification 
tlu' signature (»f tlie oh:4(‘rvi*r and tla* dat(‘ should he aflixed to each log 
Hh('(‘i (U* rtM'ord. 

In th(* simple' innttc*r of wiaghing (‘onl hy thc^ harrow-load, or weigh¬ 
ing water hy tlu' tank-full, which is nujuircal in many i(‘sis, a sc'rk's of 
marks, or talli**s, slHudd ni'ver hi' trusttnl. Tlu' tinu' (‘at‘h load is weighed 
or emptif'd should \h* r(‘cord(ML Thi* weighing of coal should not he 
d(dcgnt(‘d to unniialih' nssisfanlH, and wlauu'vcr pratd.icahle, one or more 
iiuai ^4H»ldd he assigiitnl solely to this work. The Hame may l)e said with 
re'gard to tlte weighing of feenlwater, 

CLOTH NUi n,XTA ANU imHULTB 

If it is desired ff» show tla^ imhormity of the data at a glance the 
wlctk' log of the trial should plotted (m a (iiart, pn'fcTahly while the 
t(*st is ill progress, horixoidal distance's to reprc'semi timers of ohaer- 

viition, and vert icid disfiinct*s on suitiihle^ Hcak'H to rcprc'sent various data 
iiH recorded. 


IIKCOKT 

The rcfiiTt of n test slioiiltl pri’seiit all tin* leading facts liearing on 
the df'sigti, diiiiiaosofis, euialition, and ofHTation of the' apparatus tested, 
iiiid slioiild imitidf' ii desertplioit of any other apfmratus and auxiliaries 
concerned, togetlier ttitli siicli f4etelieH m may he iKHskal for a clear 
nnderNtjiiidiiig of nil iiotiils under eoiisiderati(»n. If should stata (iearly 
till* olijt'c! itiid chitnirtfT of tilt* test, the nieiliods folkmaal, tlie eonditions 
iiijiintiiiiied, iind flit* conr!ii?4ofii4 reiiiiicd, closing with a tabular aummary 
of tlte |iriiicijml dittii iitiil results, 

litTTIH roll I *0,\iltir‘TINtl KvACOltATIVK TeSTO OP BoiLlES 
OIIJKCT AMII rifiCAIIATICIMB 

iMertiiiiit' tla* ulijert of III** test, take the dimensions, note the 
pliysiciil riiiiditioiis, eiiiniiiie for leiikiigi*, instiill the testing appliances, 
etiv, irs iMiiitted nut in tlte giuiiTfil iiistructioiw and make preparations for 
till' tent iiet'urdtngly. 
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Determine the character of fia*! to h(» us(hL For lonfs maxinuim 
efficiency or capacity of tlu* hoiI(‘r to compare with <ifhcr hoilcr-'^ the 
coal should be of some kind which is caHiimcrcially rcRardctl a*- n standard 
for the locality vvhen^ tlu'. t(‘st, is mad(\ 

A coal selecttMl for maximum ('llicicncy aial capacity trsla should 
be the best of its class, and ('sptMdnlly fnu* from slaR^ing and tmunual 
clinker-forming!; impurit Fs. 

For (!;uarant('.e and otluw t(‘sts with a sjMnilicd c’ltn! confainini? not 
more than a certain amount of ash ntitl moFturc» the coal M*!crfod should 
not be higher in ash and iti nuastun' than the statiMl nnioimfs htnauiM* 
any increase is liable* to nslma* the* <‘t!icicitcy and capacity more tlnm the 
ecjuivalent i)roportion of sui‘h incn'aM*. 

ot»nu\TiX(; e*i>\niTio!sH 

Determine what tlu* operating conditions aiul met hot! of firtng sluiulil 
be to conform to the objeet in view, am! see flint they pri*vai! tliroiighout 
the trial, as tu'arly as possible*. 

Where uniformity in the rate (»f evaporation h reqmrinh arranKemctif eim 
usually he madt* to dispost* of the steam so ilyit ftyn rewdt cjm hr nil 
In asingk* l)oil(*r it may In* nccomplidicd by diNchnrMiiig -sfram fhrounh h 
waste pipe* and regulating tin* amount b> mciuiM of fi vidvc In n lallVry 
of boilers, in whieh only t>ne is t«*atcd, the dndf imi> br rr|f.idiiird on f|ir 
retnaining boilers to nun*! the varyinic demamb for afi'jim, icaimg Ihr IcmI 
boiler to work under a Hf(*ndy rat<‘ i»f m*nporiitioii. 

mm \Tiu\' 

The duration of tt*sts t«) ckdermine tin* efficieiiey of a Imiid firm! Imilrr, 
should be at least t(*n hours of eonlinuoti*^ rtiniiiiei. t»r .miicIi fiiiieM iimv 
be required to burn a total of 2:»l) lli. of emd ficr H|iiiire lnof of Kiafo 
In the ease of a boilt*r using a mechitmcal stoker, tla^ diinniom lUitu'e 
practicable, should In* at k*ast t wenlyd'oiir limirn. If the r.iMker r. of 
a type that permits the (luimtiiy and eonditimi of tlir furl ftrd .if in-icm 
ning and end of the test to la* neeunitely f*sf tmiiird, flie limiifiim mnv la* 
reduced to ten hours, or such time im may fie rei|iiiref| to biun t|,|. i.ii.d 
of 250 lb. per Wfuan* foot. 

In cammer(*ial b*Ht« wht*r(* (lit* si*rvn*e rfi|if!ri*ji nmimutma «i|«*r;itioii tiiglit 
and day, with frcH|uenl sluftsof liremen, flic ditnifioii i»i ihr ir'-i, ttlirilfi-r 

thci boilt*rH art! handdired or i-itokerdirrd, eliniilil ui Joiii 

hours. 

HTAirnx'u Axn wnmnsii 

The wmditioiis n-KurditiK tlif (l•IllIK•r!durl• c.f flu- fiimu,, .a..! i,u)l..r, 
the quantity and (luality nf the live <'(«d and m4i ..ii t!,,. Krnf.-,=. !l«- water 
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!<'vcl, and lh<' hlcain [ttv»urc, should ho ns iioarly as possible the same at 

tht‘ <mh 1 ns nt tin* nf tin* tnsi. 

Til stnnnv ihv rqimlity tif (HnulitioTiH with luind-fired boilers, 

the follcnving inelluHi shoiiki lu' cnnploycnl: 

The furnner hriuir. \vi*ll ht^nttn! by a pn*Iitiiinary rnn, hum the fire low, and 
tlamniyhly rltain it, lenviOR tnamgh livc^ eoal apnaid evenly over the grate 
(say 2 lu I in. Id jutvi* na a hmnilatinn for tin* nc*w fire* Note quickly 
the ihu'knrMM uf the cam! hetl as luaiiiy ns it ejuii !u‘ eHtirnated or measured; 
fdso tin* water levt'I, I llje stenni pnwure. and the time, and record the 
latter an Uie stalling tifiii\ Fri'nli coal should then he fired from that 
weigluni fur the lent, the nnh pit thoroughly elcnmed, and the regular work 
of the leaf prueeedrd with. 

Befure tlie end dl tlie Ief 4 the fireshoukl again he burned low and cleaned 
in sueli a maimer iim t«» l«*ave tlie same amount of live coal on the grate 
iiH at the lifart. U laai iIiin eunditidn im rt‘a<’hed, ohsi'rvt' (pu(‘kly the water 
level, I tlii‘ jifeam pie^iraiie, and tlie tiiia% and record the latter as the stop¬ 
ping limi’ If tie* wafer level m lower Ilian at tlu* h(‘ginning, a correction 
Mlmtiltl \n* matte l»\ ettfispiifaf mii, rather than hy feeding additional water. 
Fmidly remove the mihea and refum^ from the ash pit. 

In a pliinf ronininmg reveml boilers where it. is not practicable to 
eteaii flietn Miinniiiineoir4y, the liren sliould be eltamed one after the other 
nil riipidlv im miiv be, ami eneli i»ne after eliaming elmrged with enough 
rind to maiitfiiin a flim lire in good working condition. After the last 
lire ir« rleaned am! in working eomlilion, burn all the rir(‘H low (say 4 to 
t» m b note quieklv the fhiekiteKi tif taieli, also till* Water h'vels, steam 
preMHiire, Hfnl flint*, wliiefi hif-sf taken iik tla* starting time. Likewise 
when the lime jirnieii fur elurang the terif, the tires nhould be (piickly 
rieiiiied oiir by iiipi wliesi ihiH Work in eoiiipletial they should all 
Ite burned ktw the iijiiiir im lit the rUafl and thevarimw ohscTvat ions made 
m 11**1 rd 

III fhr rime of n large holier hiivmg MW’enil fimiaee dotirs reejuiring the 
fire to !«* rleaiied ill one after fill* other* the almve directions per- 

ffiiiitiig In atiiiiiiig iiiiil i4oji|iiiig in ii plant of several boilers may be 
ftfllow'iai. 

To obffiiii the ilmdrt'il i*i|iiiihty of rntiflitioiiHof l!m fire when a mechani- 
riil fifoker oilier thini ii eliitiit griift^ m tiMii, the proeedure should Ihj modi- 
Ited wfiert' |iriirtii‘iible irn b*lioW:e 

liegtiliife the rtud ff*ril m* im fo burn the fin* to the low roinlition itM|uired for 
rlriitiing >l 4 iit 1*1! the eoiil lerdifig nieeliiiiiiKin iiiitl fill the hop|M'rs level 
fnil f 'Iriiii thr «»r iliimfi |ikli% note i|tm*kly the depth and condition 
Ilf the I mil **11 fhr gfnfi*. fise wiiler levef the ttimm pnwure* iiml the time, 
fifiil if'rHfil thr latfrt im ftie rUjiiliiig time. Hieii stiifl tlie eoabfeeding 
inrrhiiiii'Uii. I li'Mili the ii“4i pif. liiid proceed tiifli the n*giilar work of the 
tr ?4 

\\ lira the tiiiie lor file rlo«r of flie te>4t. sliut off the coabfeedmg 

Ifireimlii’lfi, fill tla hoplwu'* and btifii the file to thesiune low |M)mtfwat 

♦ I 1*1 / ii; for iiVlUfie if* * 

f lim sifU nPfw III’ *i?* 4 *if i%,i f»u III ptir lioiir before thewi reailiags 

are fi 4 i.rii ill. tiMi 1 J rtiiMO iOrt, oianwiM’ be riiiiwl t>y a eharge of tempera- 
lllfr #f*»l liMoil.i of fi.e uahl Ibi ♦ «iiiiSiili ttlitl roitlMVtilig pipe. 
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the bogimunfi;. When thin eondifion is n‘n(‘h(‘cb fht* wnfer levid, the 
steam pressure, and the time, and na'eni the* !ntt(*r as the* stepping time. 
Finally clean the ash plate mid haul the* ashe‘s. 

In the ease of chain grate steeke^rs, (lie* desire‘d e»pe*rafing e*cmeIilionH 
should be maintained for half an hour beidrt* starting a teaU anti fe>r a 
like period before its close, the h<‘ight of the* stt)ke*r gate* ur tliront plate 
and the speed of the grate being the* same* eluring best !i of these fMTieHis. 

UEt’OHDH 

Half-hourly readings of tlu* instruincmtH are uMinlly .suflieient. If 
there are sudden and wide fluetnations, the* n*ac!ings in Mieh vn^rs hhould 
be taken every fifteen minutes, and in soint* iiiNtaneeH oflener. 

In hand-fired tests the coal shonld be \v«*ighed and tlelivert‘il to the fireinmi m 
portions suflieient for oiu* hour’s run, thereby af‘^ei*rfitiiiing lie* degiee of 
uniformity of tiring. An ampk* supply of «*ohI ? 4itadd be mjuiiiaiiietl nt idl 
times, but the (|uantily on tlie fkatrat the* 1*1^1 of t'aelt hour ’deatld be ie4 
small as pra(‘tienhle, so that the same may be reiidil> r-^iiiuffeti and 
deducted from llu* total weight. Likewise m :4nker fie4s flu* wright of 
coal fed to tlu* furnaei* (*neh hour should k* deleriiiiiied 

The records sliould he such as to iisecrlam iiIjhi flie etuiNiinipfion of 
feedwat<‘r (*aeh hour, and therehy detf*rmine the t|rgrf*e of liiiilotnuiy of 
evaporation. 


QllJliLrrY OF HTKAM 

If the boil(T does not product* sufierlieiifed fdeain the |ii‘rreiitage 
of moisture in the Hteam should bt* <lett*rfninetl liy tin* tine ui u tliridfling 
or separating ealorinu*ic*r. If tin* Imih*!* hii'^ aiiperhenfiiig 'Uiifnee, the 
temperature of the steam Hhtmld lu* t!f‘!ermiiietl b\ the ipa* of n Iherinoiii- 
eter inserted in a ihermomc‘t(*r Wi*ll in tlie |ii|a*. 

HAMFLINtl ASn tHifiSn niAb 

During the progrew iff the test tlu* ena! .nIiiiiiIiI Li* regitliirlv Biiiiipteci 

for tho purpose of lumlyHiH and tleterminafioii of iiini-iiiiite 

AHtiKH A.\i* 

The ashes and refum^ withdrawn from tlm fiirmtee itml nrli pit iltiriiig 
the progress of tlu* test and at its f*!o«» sliottid be iieiiij it*ti mi iitr ii5! |iii,?r»aii|e 

in a dry state. If wet the uiinuuit of moisture shoiilii be a-.i-eHiuin-il iimi 
allowed for, a Hainj)l(t being taken and tlried for this iHiriswe. 'riiii 
sample may serve also for anuly..<is for tin- d»fiTmimiii..!i ..f imbiirmfl 
carbon. 

OALOniFIC TKSTH A.\Il ii| foil. 

The quality of the fuel should !«* tleleriiiinwl by ndurifir uihI 
analyses of the coal Hainpki likive reft»rred to. 
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AN'AI.VHKH (IK I.'|,UK (iAHKH 

F(ir npiinixiiniifc (Ictcnninnlions (if Ui(> cdmiKisition of the flue gasca 
tli(> Oraiil iiiitmrntdM, or .sonic nioililiciifioii thcivof, Hhould he employed. 
If momcitfiiry witnplcH iirc oiitniiusl Uu' aiialy.sca alumld be made aa 
fnsinciilly ii.s iKissihlc. any every liftei'ii (n thirly mimiteH, depending on 
the .skill of the oiM-ralor, noting at the time tlie sample is drawn the fur- 
nac(> and liring conditions. If ( 1 h> sample drawn is a continuous one, the 
intf*rvnLH may Ih‘ miulv 

CHI|4KUVATIC)NH 

In fnHf ‘4 hitnmmnm ntalH minlmm n dd^Tininiitkm of the amount 
{»f fdOioki* lirtHttirnd, .sltiiulii he mad(» regularly throup:hout 

the trial at inter vhIm of five iidnuteH (or if neressary evt‘ry minute), noting 
nf the «ime time the fiiriiiiee and liring eonditionH, 

For ottHrrviif luii.'i e»tveiifig ii periotl of mm or more wnglc' firingn, the intervals 
fihoiild he t|iiiirter iiiiiiiifeH, 

of iikhiu.th 

iVil (‘«rirf fiiiioi-ho Qimliilt i»f Sinim, When tlic^ of moiature w leFW 

thiiii ;! |«a' rent if i. nnffieien! tiierelv to dediirt fhi* jMTetmtage from (he 
weifijtl of ttiilri folk m whieh eiiM* the fiirfta* of ciaTeetiou for (lualily ia 

^ I'rr emf liltlire 
IIMI 

When llir iwireiiiiifie F* gnaifer lliaii 2 |M^r eiait, or if extreme aeeiiracy 
114 rei|llifrth fhr hiiior of eiilTerfioii e* 

l‘ll lit 
it ii * 

in ivhieli I* Fi file |tro|«sr!ioii Ilf it the totiil heat of I 1 !k of satu- 

rjileil ^ife'iiti, lii the liriif m ttiifrr «t tli«^ teiii|«^riit«re of mturiited ateam, 
lllltl Ii the hi'Mil Ifi Ii.ilrt ill I lie frnl trill|«*rilllire, 

\\ iii-ii the in the fiirtor of eorreetiiin for (luality of 

uleitiii m 

ii. ti 
ii it 

III wliirfi iif pi flit* foflii liriif of I Ilf <if Mtifi'rlieiiferl uteiim of fheoIiM^rved 
frillftelatwe end 

I till-^5 iifittimi e jto«\i*|»'d, 4 rititihiiirii Itoiler iiiid Minf*rlieii(er ahtmkl 
lie firiitrd unr liiiiF iilei llm ri|i|iVide|it of the Wttfk tlofie hy the liU|Kfr- 
lieafrr flertihi hr iiiriipirii if* fh*' e%ai|«»r*ifive ttork tif the Ixtiler. 

m fill I’toitf *1 I(|/or*|f4fw||I‘'Ilief|Uimtityof 

ftiniio *»r um ti'Ti*il for iiijiaiitig fuel, or iddin^ 

roinhiFiteiio ^fioFild I*# 4rf« iiiitfirij iiiid n^’orded in the Table of l>ato 
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andRcsuKs. Thorenhould alsn Ih‘ na-ordcHl, by fcHit-nttta halmv tfa* tahlc% 
a atatemont, aliowinp; wh(‘th(T or tiof n dcMlurltoii has Inaai timcio frtan tho 
total evaporation for nli'ani or p(»w<*r usial, and if .nurh nni tm« lM»on 

made, the nu^tliod of roinpiiting i{. 

(c) EquivaUmt Emporation, Olio (apiivalont <»vaporntitni from nntl nt 2P2 <log. 
Fabr. ia obtaiiunl by multiplying i hv of \vntt*r <‘va|jonifi*d, rorriTtcnl 

for inoiature in ateain, by (ho “ facttn’ tkl ovapondiun. I h«’ latter oqtialH 

H h 
1)70.4 ‘ 

in which 11 and h are r(*Bp(*ctivoly (la* t«dnl lioiit of mitiirnfotl Htoam and 
of the fmlvvat(*r entering (lu* b(hlt*r. 

The “ factor of evaporation ’* ami tlu* ’* farlor of rHrr<*rtH>ii b»r qtiidity 
of Hteam ’’ may be eombitted into on«* f'^pnwion m tin* cio^o tif l■lt^|HU’he^l.^e<l 
Htoam an follown: 

//., h 

1170 . 4 ' 

(fi) Effmmcy. The ‘M'flieiency iKuler, ftirnare mid irrate “ fla* relation 
between the h(*at. abnorbc'd pcT ptiund of rt«d nn bird, and tin* riihinfir 
value of 1 lb. of eoul aa firetl. 

The ** eirK‘i(‘ney bawHl on nuiibuHfible im fhi* rrljifnni bctwiam tlie 
heat abnorbed jn'r poutid of eombiiMttlth* btintoil mid the ralorific %*idue 
of I lb. of combiwtible, ‘’bliw exprenj^ion of rflifituiry tinnifilitm an nppro^k- 
imaie meaiw for eomparing tin* renultH of iiitlVieiit whms the itiHtien 
of nnlmrned eoal dm* to gnitea, cleaning*^, etc , are eliiiiiiiiited, 

The “ eombuHtibk* ImriuHr* w delerimned by mibfrneiing from the 
weight of coal mipplieil to the holier, tlie moeitiire in fhe e»»id* tlii* weight 
of tinh and unlmrued coal withdrawn from the ftirioiee and ;oih pit, mid the 
weight of cluHt, kooI, mid n*fnHt% if any, wiflidriiuii fioin flit* ffuep, 

and eomhuHtion chnmherH, iuc’luding a.^h l•!lrrllH| itwav in tin* giinea, \i tmv, 
determined from the imidy«i*a of eoid aiidiudi,* llie *'etniiluiitfiliie ** 
iwed for determining the cidoritie Vidne la llie wei|fjif of nial le»i the 
mowtnre and aah found hy iinidyHW, 

The heat alworbed ” |«‘r pound t»f eon! or rutnbtedible m eiilmhifetl 
by multitilying the* I'Cjuivident eva|Miriitiiiii from iintl ]ii 212 drg, |«*r 
pound of <’oal <»r eombuHtibk* !»y ii7(l4. 

(c) Iim( Halnmr. A “heat biilmire/* or iipprii5miiiife ttf the 

ealoritic value of I Ih. of dry eoid turning the sevrrnl tlnie^s of lien! 
iised and ht*at kmt, should l«» ohlfdnt*ii tii vmmi where the lltie gimm Ini^^e 
been analyssed and a complete iimdystH nmde of ihr roal 

The kwH dne. to mowture in the coni m fmind by iiiiilfipHisig the tntid 
heat of I lb, of HU|H‘rheated at earn at tin* ure of the esriiping 

gaacH, adculated from the tein|H‘ratim* of the mr in the bmli-r tiwiiit, by the 
proportion of inointurt** refernal to tlry eonl. 

The loHH due to mowture formwi by the hiiriiiiig of Indioirn m uttfiiiiird 
by multiplying the total bent of I Iti, t»f rti|ierlieiiiei| sieiim »f ihe teiii- 
IMimture of the (waping iiileuliped from thr iriii|«-rnftiir of the mr 

in the boiler room, by the pro|mrtbn of the liyilrogmi* lieti-rsiuiird from 

*Tb caaea of high ratw of comtawtliisi ilm ileterfiilfiitinfi «f ili*i 

burned may be to cofwidemhio error on mrmmi nf liie ul i iinlerii. wait 

and unburned fuel which arti blown to wiwte. 
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th<* iinnlywH <»C (!»• ronl, r«*f«*rrr(l to dry roal, ami multiplying the result 
by 9. 

dlic‘ loHH dtii* ii* laatf <*nrrird away ?u the dry gancH is found by multi¬ 
plying th«‘ weight of guH per pound of dry eoal by the elevation of tem- 
|M*riiture id tin* gUHi’H above tlu' tmu|KU'ature of the boiler room, and by 
tlu» apri’ifie laait id th«' ((1.21K I1u* weight of gas per pound of dry 
etad in iddaim^d by hmling tin' wtnght id dry gaa per pound of carbon 
burmal, uamg tlie birmtda 

IK Mb I m I 7(Cd> bN) 


C/I 


C#l 


dKMbfC'U) 

in wlui'h CMba CM b < b ami X art* evpreaiital in pereentagCH by volume, and 
multiplying tbiM n^Milt by the proportion borne by tlu* earhon burned 
to the whiilf^ Hiuouni id tlry e<»id im tle!i*rmiued from the remdtH of the 
fUiiilyaiH id the i'oal, ledi, iiiid ridiM*. 

Till' lo-mi due to iiii*«uupli*!«^ eoinbuHtiiin «d earlion in found by first 
obtniiuiig the proporliiUi l«»rur by the rnrlinu mommidi^ in the gases to 
till* ?aim id file nirboii iiit*uu\ide and enrlMin dio'Xtile, ami tlien multiply¬ 
ing tliui priip*»rti*m by lb»‘ pioporliou of inirbon in the' e<»id minus the car¬ 
bon Io.hI III the lud* iiml n-ftme, iiml finidly multiplying tlit‘ product liy 
Hbl^dl, wliieli in flit* iiiiiitlier id lieiil iifiiln geiicrafetl by burning to carbon 
flioxide 1 lb, of riirbon eoiilitiiied in riirboii iimiioxidm 

MMie limn title to roiiibiintible iniitfiu’ in thi* ii,di Iiml r«duHC‘ is found by 
multiphing flit* pmporfi«»ii Ihnl iIuk rombufittble beiu'H to tlie whole 
iiiiiount of tli> ft ml b\ If 14 eiilotdir value |«‘r ptnind. For most purposes 
if m ntiflirinit !♦» ip-nniiiir tlie hit ter lo In* M.tdMt B.MM'., the same ns that 
«}f earbon 

|«i-m dtif* ftt iitoriitirr III the mr m determined by multiplying the 
weight of mieli liiMiniiiir |«'r j«iimd id dry eoid by the edevidion (d tem- 
l»'riifiire id ibt’ flu*’ ipinrn iibiuo ihe feiii|«*riityre <»f the knler room and by 
II -IT. Mlie eight «»l iitomfiirt* m foimd bv multiplying the weight of air 
jrr ftouiitl of flu r««ii bv fill' iiioe’ftire in 1 Ib. of air iletermined from 
reiptiiifryi *4 fhe wiU and drv billb tiieriiioiiiefer. 

f'lifiil Ilf III *d biiwdei.'jfnifi ttf I TwiI, bi| 4 n<ilf/.vi;i, Min* total Iliad of eomhus- 
fiiiii imiin I** riitiiptiiril Ifuiii the iTfiiilln Ilf the tilfimale nniilysw of using 

the fiufiitda 

i ‘ f lii.liill III I IIKMlH. 

ill itliirli Cb Ibfb iifid H refer f« the jirtifMirfitnw of carbon, hydrogen, 

lltid nillptiilf ir'.ri|«‘ii ilrh 

/tit hfi f i lir III iiif lifted fiiiiy mleulafial liy the 


folliiiik* 


Kitiflpbt id ml |»’'t |i^tiiill 4 of rjirlioll 


:i IKriX 
'’(Mb f C1^’ 


111 %%’liirli X, (Mb iiml CM I urr f|ie immiUmm id dry giw obtained by 


!iii4 

Kiiiiiiiin of mr |«'r fMiiiiid i»i riiiil-|ioiii$iif-i liir |rr fMiiiiitl <'X(l» cent 

f III ihr li-i/ft |#"| ir-iif niflwiii ill referred lo etitil). 

Tiir of tli*- sui f^npfib to iliat ifirtirrilriilly miniriHi for complete 


rt*iiibiipti»u» 


X 


\ 

,1 i 


yMii 
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AIi‘KXIHX 


DATA AND {ci*:.sri;i>4 

The (lata and rt^suHs should !«* roportiHl in nffnrdaiiri* uith flu» 
form priuUul Inflow, adding li{H‘s for dnfu no! pnnnlfil ttir» nr onuttin^ 
those not rcaiuircHl, an may coidurm to thi* uhjrrt in \ imv. 


('UAUT 

In trials having for an ohjVrf the doforiniitaf ihh ami i‘\|HnaftHf} uf 
the (H)mpbte lyoilcT pt^fcTumiire, tho rnfiiv iug nl n-idiiiKM 
should be plottcul on a chart and rcprc’aaifctl gra|iliii%<illv. 


iwrn wrru oin and «aa it 1:1.14 

T(‘stH of boilcTH using oil or gin* lor fuo! -.IimiiM ..jminl mfii ||„, 
luTe given, (*xc(‘pting as limy arc \iirinl f»» t,, iljr iijiififiiim. 

(‘.harac.teriHticH of the futT Ha* |iro|«a‘ loiiMili ni tr.i-. with g.-i ‘iiiti oi| 
fucTs nniy be d(‘t(‘nuined by n coieadrniliMii m| thv piMl.iiiilr mpi 

the (legrtT of accuracy dc.dre«b tii** iiiiiiiimiiiu Imi rniu ,,|jiv 

tests being fivt* hours. With thi-^e I’laT'* ifi*- *’ flung " luvih^ul i,i 
ing and stopping is cinpbyetL 

The talde tjf data and rcwiltH Mlatidd coiifitiit iti ar,* -.f itmi: , h u-srAri *rt imtruv 
and burner, {(Uidity and cmapithiiiuii ni ul Mt gsi , i, mr i.i miP umi 

data rt‘garding tlie pcrfonnatice nl ihr lii. ’ 


DATA AND HKSrLTK nt' IA ATulI \ I l\ I If 4 r * 

1. Tc'stof. .Todetermine Test rHiiilnrff'ii Pi PmiIi 1 lnr.itrd .if 

2. Number and kind of boiltTs 
th Kind of ftirnacf*. . . 

4. (!rate mirfaee (widtit leiigll* ^ 

5. Wafer lieating surfaci* 

6. HupcTheating HUifni'c 

7. Total ht‘at ing surface. 

(L Vtilume u! e«anbu«tit»ii fipafr ln’ittmi .|ip| Ip.iIisih 

HurfatHg 

e, Distimee from center of unilr 1,1 mmirni '•.iiiiinr 


!kli*\ lliirfilitfij, rlr 

8 . Date.... 

9. Duration.. 

10. Kind and sine td coal.. . 


/Ircmgif i*mmmrrM, rf» 

IL Htcam pressure by gage., ,. 

12. Temperiiture of steiitn, if atiig^iiriiiril 

13. TtmifKirature of fwtdwiiler eiiteriiig Imilrr 

14 . TarniKmitim^ of (Wfiplng leiniug 


IJ*. 

Ik-g. 


Thi« taWe fotitaliw tli# |iriiii1f#iil jir-ie* nf 11 ., 

A.S.M.E. CommlttiMs titi Power IWi* 


III III,, I j*ij^ 
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i!e of draft hi*! worn diiin|H‘r and iMalrr., . ... In. 

. I^rnft in furniiri* , . , .. . . ... 

, Draft or tda.Hf in iinh |nf , , . .. o 

r of Hf‘athor . ...................... 

. IVinponifnrr uf r\frriud air ... Deg. 

, 'IVin|H^riitiiM‘ “f air ont**ri!ig nsJi |dt .. 

, Uelfitivr hntnaltfy of air eiifenng iwh pit.... ** 

(Jmtiiiii iti/ Si* am 

’«*nf{i||o of nioinfurr m uti’ain «ir dogrera of 

, . , ., .. Per emit or deg. 

t>r of eoiri'rfioii for i|tiality of afoiuii . ......... 

d Wfngld of ro’d fnt d * ............... LI), 

•iadnii.** of iiior4iiir m roid firod. Per cent 

d Wright of ill) eiijd lin'd . , , Lh. 

d ii«li, riinhrr-y and idtM I ... 

d eoffliLit^tllilr Lnifird I Iftiit «?l Ifriit *i2f.. ........... ** 

‘riifagt* of ir'di mid iriiim* m dtv roid IVr cent 

d tt'inillt of llJili'f frd to Iwiilrr I , ....... Lh. 

d wiili'r r\lifioiiifrti, riiiirrfril for ipiidity of fiteiini (Item 

■*: 11 rill tHi ........ Lb. 

or of loll hiif«'d i»ii |riii|if’riitiirr of witter eiitiTing 

di‘r 

d airtil toll lioin iind a! ?Pi deg. Clfeiip2hX 

ill 2/1 ......... Lb. 

ijinifshiit ■}. timi iiatfM 

null |Mi lioiif . ....... Id), 

ei»ltl |iri nf|!|'ifr fimf iftal*' liiffurr |ii'r liotlf. ...... ** 

rl r%*ji|ioriifI d |«i tioiii, r»iilrrlrii |«ir t|tlldllV of fdl'llitt. ... “ 

mtlnil r%"ji|w»liit|o|i |wa liiiiif ||i»iii iiiiii it! 212 ileg. I ..... ** 

ividrtii «'\jipoiJition |»ff itotii muint 212 deg. |H*ra«|Uare 

il ni ttiifr'f liriiliiig mitim'r * ** 

|ifirfttiofi |«‘r liotlf flitiii iilid fi! 212*1**11 . IJi, 

Ifoilrr liHr«»r piittrl d*'l r|o|s<'i| *11 r.M|l' ‘ < ' • H.Ih 

ai r‘ii|«iiit% |♦l•t fimii iiiiil iil 212 ilrg , . . , , Lli. 

IllitraJ boifi't Ipit'a’-powri . , . lil. ILP. 

'eilllliCe o| liifril fii|ijiiilV i|l*lr|**|«''«:| Pt'r Cailt 

iCf SfPOll|!| 

rf frit |»'r |prt|fl*l |4 lilrd 2»Vi"lfrtll HI)., . .., Lb* 

i*t rlitfti’ffiti t| i^-r *4 till fttiii iltiili 2tl 1 Itiiii 21L . ** 

r%-ii|*»srjit toil Itniii fitiil rit 212 drg |rr |«til«d of eoal 
Ilirti diriii 2% ^ 111 III l!l:i . ** 

frffti ■ ” iiiraijii i itirliniliii Weight 

|«f riiiOimIril iliUrff ijin lli aritflii «f riiiil fill |lir tflife at hr«ifllllng Wltl «wl 
Irr!r*| wlir-ll |<#iii li< fwl i|4|*i m.nn%, r|r 

tri tr*| lof lit linri *ifp| «f pfr-imire ftl bi*«liiliiiii ftlid end. 

> rtiiilfiil r 'l‘., ** *4 i «»y Ite iiitiiiiltileil for lh« 

in r%.mill III ill"' 
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APPKNDLX 


40. Equivalent evaporation frora and at 2Pi deg. per pound td dry 

coal (Item 2H4»I(em 21).... . . . Lb. 

41. Equivalent evai)oralion from and at 212 <ieg. |ht pound of roai- 

buHtible (Item 284-Kern 28}..... . ’* 

Ejfieit nrii 

42. Calorific value of 1 ll>. of dry nnd by ralt»rimeter * B.T.IL 

a. Calorific value' of 1 lb. dry coal by aiialyM’** . . “ 

43. Calorific value of 1 Ib. of eombuHtilde by eatamnefrr, . , . , , ** 

a. (klorific valuer of 1 Ib, eeunbtwtilde by amdyMM 

44. Efiiciency of boik'r, furnace and grate, 


ltK)X 


Item 40-070.4 
Item 42 


45. Efiiciency baaed on euanlmHtildc, 


lOOX 


Item 41 ViiTO 4 
Item id 


Cmi fif 

4(>. Coat of coal imt ton of ... .poumE debvi’red in b*»iler room Ikillurn 

47. (k)Ht of coal recjuiretl for evaponttmii MHMl |li *4 wiiter under 

obHcrved conditionn.. ..... 

48. CoHt of coal reijuiretl for evapmutmg UMHI lb of wntn liniii 

and at 212 <leg.. ......... . ** 

Smtfir 

49. Percentage of Kinoke iw olwerveil. Per rent 


Firing !kihi 


50. Kind of firing, whetlier apreiiding, idteritufe, or eoking 

c. Averagt' intervfd between timeH of tev*4ifig ««r luriikinii tip. Mm. 

5L AnalyaiH of dry gmm liy volume: 

«. Carbon clioxale (C( PO . Per naif 

6, Oxygen (O)..,,.. *» 

€, Carlmn monoxide (COP ** 

(L Hydrogen and bydroeiirlfomi *• 

e. Nitrogen, by diflerenee I NX ** 


52, Proximata anidyais of eoid 


I'lft-'d I til t Mil i'oftibteiiibli^ 


a. Mowtiin' 

Ih Volatile matter 
e. Fixed carl am 
d, Aah 


6. Bulpliur, mqmraU'ly deteritiiimd 


I 

liMp; ! 


Hit*, 


Hip; 


If the ealorlke vala® Is deilml fwtr lli. «f rml fifni" iiiw- 

Item 20)+100. 
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iniiifr i»f <lrv ruitl: 

i *iirf«nt H ‘ J 

illf 

i K\ p'li ^' 

, Xitrugi'ii ! \ * 

Hul|»hur iSi 
XhU 

«»f Vifi iill4 «ir 


Per cent 

i t 
(i 
t ( 
t ( 
i t 


IhtY (’OAL 


ill «‘fi fin Hint 

I sf'»l I ihrl^isirt itfrfii llliif If'V |l70.11 

, i|l|«' f»» ft II* l»»ii I if iiiHirifiifi* III 1‘iifil 

IiitHi-i 4i|f t*t iii'iil 1»\ tilriim ftiriitint 

III fill* I till m 1 lii*iin|ir|i 

. littf fii Iwfii r.iiiitif n%%ii\ III iliiMliy Itlli* 

|^r«i lilir III iij*ifiMinli- 

4l|<' I III iif4i lilpi tli'ilsr 

litfiliitK iiiMr’:!liir iJt -111 

, fliir 'itt liiii s1}Iiiini hydni'* 

iiliil liiiiii fur I 

I'mI’iI viilii*' *4 I It' 1*1 illriii I ItK) 


I l«i i|t''iirrti llf'il fbr iit'rif l*r f»|i riifil *’firt limi,” Df OH 

liHiitilf i»iirfp4/' t|if if* lii-'j III fill* f'liliiliili jirr i»uItt|iikHi by the 
nm f IfWi ',*H - Ifii fs«i ''JIM i»r by 

r I |»*f " I 


Puppirti IHii lltfit i r^'i t*r Ti:ht 


;ifr fiiirbpr I , . iHq.ft. 

lili tlfsil iltic wiffliirr , , , ... ** 

Ir ... 

flit lull .... Hr, 

'i4 4ii4 “I,'>** • ^ ’Oil 

14114 l^i* ,. Lb, 

l|#|»'1liS #■ *4 bstilr’t , 

il4 4ili IPilifl'rl »»f 4rirrrM tif 

tMiiiiii .. Pt^r mmt 

cir tleg* 

^4 iiJMr‘fi4ir ili s .. Per eent 

V **»*i»l . . < Lb. 


y iiijit l^'f 4t*“ *4 iff'ifr Fiiitfiiir fiff iinlir 

iliValnit ri* 4|4?j/4fsoil |«'r fpnif ffiJjii lillil li! -I* - . 

i4H';il»i4f |^"I li-tii imm lilpial 2i2tiri. |W«|iiim* 

♦kiI i 4 I#* 
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appendix 


14. Rated capacity per hour, front and at 212 deg, , , Ll^ 

15. Percentage of rated eapaeily d(‘veit»ped . Per vmt 

IG. PJquivalent evaporation fn»m nial at 2t2 tieg |H*r |»«»tiiid of tiry 

coal.... . ^ Pie 

17. Equivalent evap(tration frttin and at 212 tleg. per piniiHl o! rum- 

bustihle. ... 

18. (lalorific value of 1 lb. of dry eon! l»y ndoriiiKiei , . , B.T.U. 

19. ('aloritie value of 1 lb. of eoinhuHlible l»\ udouioeirr 

20. Efiicieney of boiler, furttacH‘, aiut grate, 


ItWX 


Item inxPTtM 
Item IH 


pur rent 


21 . PJfriciency based on eoinhiwtibIi\ 


ItHIX 


Item ITviiTlM 
Item III 


P«*r rent 


iirntMiKotm roAi. m/.xh 


Bituminous coals in the Plfwlerit Stiite,rt iniiv gnided nntl niwal tin fob 

Iowa: 

(A) liun of mine etad; the uiweiwiital nml tiilrti Iroiii ibr* ttiiiie. 

(R) Lump coid; that which over n l»arv!irri‘rii witli ii|«a 4 iiigii 111 in. 

wide. 

((7) Nut coal, that which piiHfie -4 flinmitli n Imr-Herei n wifti tSofi, ofM^n- 

inga and over ont* with ‘Ldn, iq»eftingH, 

{!>) Hlack eoiil; tlmt which piewira thruiigli it bm wifii 

optuungH. 

BituniimaiH coals in the Weati*rnHtit!rs iii.’iv iirii4«*4 ami nuM n;i fulhm.H: 
(A’) liun td mine eoid; the iinscrefii«i c«iil tJikrn iriiin liif liitfir 
(F) Lmnp dividt*d into Ibin,, d-in. oipI i*iiii ttiuifi fti 

the diameter cjf the eireular over iihirli fh*- ir'f|#i*rfnr guplr-i p,ri'<. 

also 0 by 8 lump and 8 by I Itifiip, iiretinitfig ars ftie ui.il fi’c. ;?'■! fliUMipj} n 
circular opening having the tliiitiieirr of llie luritri Hinl M\«r tiaif 

the amaller diameter. 

((/) Nuteoal; tliviilediiit.o«’lain »iteii!it fitif, wliirli |h ' i lonoifii 
ing .1 in. diaintderandover D,| in ; D|iii I i. fliiimgli a D| iii, 

diamc'ter onening ami over a ** 4 *ni, diJiiiiei* i opiiing, \ to nif, lU^efi piw'i.i 
through a ? 4 dn. diameter iipetnng imd iivn % \ m di.itm i r«i»» ititig 
(//) Bcret'iiingM; that which fltr«ugli 4 1*^ m 4. ote ‘-i •qmuug. 

(!) Washed «mes; tliow^ piwmiig throiigh or o\ri ihr mi* tilti oin^intigii of 
the following ditimetera, in iticlii*i: 


Kuiiilitr. 

1 

2 

:i 

4 

5 


lltriitijili, 

:i 

Ih 

h 

I * 


iWmU 

e* 

t', 

I 

i 

i. 


’“TWs ami the falkwifif twit irtirlr« »re rttfii|pn.f«| friwti ilir nf llie 

Boiler Tept Code of UUA 
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WVimMT, KITlflKNC-y 

Atti'itif^fH hrrn iiiittli* tu in‘|»jir{iti’ t|»* rtimbiiKHi t^flidiwy of boiler, 
fuFnii*'«‘* «tel fi.r.'itt* iitt** ^1/ , dot* tt> ludler alooe, and 

tlm* t*» iJiiiiiP**' liiii’iiidiiiif. rtafi*», biif fla^rt* w nt» agreement iiH to the 

flip' td drii»4t«'iifmil Im fir ti-i-d m M‘|*iirjiiing am* from the otlier. 

Hii' Itnit Im-i-i > $ f«» ilit' Iniiifii'r ftlam* are eltairly those designated 

(I, d e and 4 sii tts*' Il^sf 

iL ‘Hr !»*■»•'. dtp' fi» tiiibiiiiii*»t uniid fuel dr«i|i|iing thrtmgh the grates or 
miihdi jiwii fiM|y tisr liiifiprf% iitrlmiing i jy* nalid eomimstible matter 

III the eiinler-'’, fliir dof-d, lie 

|i I ir- 5 »|i|e f ** I |p' |«|j «iiiri iHii i 4 I *U lliHlr'jiti t»f C ’(tj. 

r bier. «lur f»i r*ieii|ie i»i lililiiiltirtl Va|i||||r li) tIrilfarliOnH. 

fi be't'. do*' te tip iif riiiltiiii und maifiture and production 

at if.I ifir inirliiiii t'llljt CO 12Il) when fresh 

iiiei'i! r? ifiiitttii Mil li |»*i| Iff ttlilfe hut foki*. 

*t1ie ii'iiiiiiiiifiM iiht* ti pi'e !l}t*‘-r dill* la licat I'lirficd awfiy by the 

liii' iiiid m ilw r";^i hw<n iiMiii nidiiition, imd losKCH imac- 

ratllllni laf, llia^ tie iliudrd ;e* ii trn’hm ||i IfeiUHr !« j, 

r Msd'i e !Si|i ilf iimiwtim* ant! heating of 

.ftii thn n* -frtsi|if*riitun* eorrei 4 |«uiding to boiler 

pi< 'r.lite 

I \! e IP \n 

„* \b*' ^ t,P le » *.,d 

:i \|.ii 4w‘ iM buiiiiiig af iijdrogiii lit the fuel 

/ ^|Mi«fiiir m flic ftirflipr Iii*iitiiig f>f stciiin of Item 3 

liHtii Id I': !'• iwlipilig 

I Mer f 1|P in > d 

? \|.'! no* fji in 

e dn* II 

g ^ldiri»r< t|i 4 I ill! TlijipH 

I lb V, I n, r 

J I b .'P * 4 i e nn I; tti f 
Ii I ■' ..4 nppL !• 

I It, 4^4 1 i r 
.* Ii» .4 X 4 Si' le I 'b; 
i . iLlib.r e Si 

1 I life t <1 |»nei< f" 

2 t i ' r ^ 
j t dill* « eilU- Hit ' ‘ n 

I fie. 

; |».e tM I . .e i 

Ii Ii!,,* »« .n i 1| !<««-• l«' iiml n|n«rtioncd a« 

fttltlWii 

I * 1 , I 4 I ' » * ‘ ’ fr * i .J.; 

I - lot n e # k'' ^'t ( ‘ ^ ** 4 ^ ti t 1 

IH-fiMih I i> ‘ ‘ r. ^ Id i ti'lib 
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AVVKSIHK 


in which case the indivichml efiieieiiricv nrv 
Maximuni theorcdiral 

Furniiee cdlieieia’y 


IlHl !\ 

urn * 

IlHl <r‘ * Fi 
ItMi I 


lieiltT cdlifitniey 

Combined efheieney of boiler, fiiriiiifi* iiwl pmtr 


bMi I F I 

liMi ii , Fi * 

iiMi iT I F I in 
IlMI 


Thrive formula* do not, liowinaT, furnedi it iiiefliod i»f df-tfrimiitfitt fin* irun 
individual efiieieneiea tlewred, !«*riiUMe it ei tbh* to 

and impracticable to obtain Item r uiflt tlu' lee* ff'iioi.! appii ior.-i 
available. It inimpowible hIho toi^epariife fbo lo- •*”* i, ooii.if ftibtitrij to t|,i* 
furnace^ from the boiler Iiwea alone due Iti iieieiiion duA flm’e iiiinrriiiiiiini 
for. 

Another HUfcgention ia to traiedrr the t^wrm mr h, fi< ibr ifitittp uf ftir» 
mice loBHOH F; but thia maken the iimfler evni iiHtn-r, b ji-* flie ftiriinre 

efiieiency in then de|H‘ndent on flie fiteatii |iff*reiiite m ihr Irutin^ mlnrti i.h n 
matter for(‘ign to any furniiee eonditioii it fiirfbei nviitini- ifi.it iln^ fltio 
ganen cannot Ik* ecniled l«dow the teiii|teriifuir line tn ihr |iif>vnior.^ iiliirli 
although true for many ty|w‘« of twiiler, iioi iiur m eien’s. min ir tlie roittrn- 
flow prineiph 'm UBcal. 

A third method HUggentetl m to mrliiile liittoiig tln^ Imilrf i.i-rn-t .dl ifj,,,,,. 
which liave Ikhui tia unnvtmhibte iibove. fly tiiw liirllioti lltr immwr 

efheieney in 

Hit F 
IW 

and the boiler effkaaiey 

IlKi truiiFj 

ttil F 

If it ia dewmble to divide idlirrfir\ f mui fm.. 

mice in Bome wieh infiiuier m tlnw* rtiggrsfrd. ffir ,4 no* 

ployed Bhould lat chatrly i4ttiled. 

iW’t’nATioM or riiii liitiiin li -4 

The followhtf t*Xfimple 4 itms flie iiie!lstf*| in Iw* riiipiHiid 44 euiopijtititf 

the varioUH c|Uimtilie« in the lieitl liibir 

/ifda.'r^HcunhbittimintajM etmi, 2 |B‘r reiif 1 . 1 *, mi |rf 

mil comlawtible, Ki |a^r eriil i \ I |i*'i rmi If. j tm t ^ ni ii i p-r 

^ mit N» 

' liT.lb i«*r fKiimd ri*iiil,itf4iifir piiiml r»:il m» hml, 

14 ^ 220 . Aah iind refiii%** bv bmirr ir«i, |4 p f *,411, ir|r|fr*i ii, rmti 
iw finnl. the Id |M*r rent iiti 4 rrl*e«’ ii:R 4 !iiiirt| in rfiiiiiiift 
the B |a*r c*ent of lotli uliottii by itir firutli »i?i jimi d |»-r «*fii f»f 

eornbiwtible. 

ICffu'UmKy t>f ,,,,4 ,,,,- 4 , 

p(tr cMint. 
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lln^ Hliinv.w iliiit 'ill II». of m i« mippliwl per pound of C 

tniHtoil. iiiei tiiii* *»f C’ whh Inuned to (X) per pound of 

of hmunl 

Up* hii I'j *’'•* eoiit»uwil.02 Ih. of water vapor 

l«.t |«»iiiif| ‘4 tin :itt |ii*rrt'iit lektive humidity). Flue ^as 

trlo|**''f at til** .**14 ilr|f, 1 ’ 

Wjifri 11**10 .'iiitl of ili iirg I***! iHitiml foil! iiH fired 10,258; dry 

ritiil 10 «'‘»iidar'iiii|r li.llilH. 

If furl Iti a* 4 i titid irOea’ sa iii*t flir ri»iiilnptil»le of the original coal, 

1 mk.' .»r .•!»«!«.« ..* H hrnuup. V,.h..-1 t.'KHt IkT.U, iH-riKmiKl, then thohwit 

1 "* .. t . .f i, u Iir. . 11 '^*1 '-■;«* mniruti «(im H. I ,U. lilt' hwitmg value 

..f l.n.t.I.i; vuml.i i«. (l.t/rO~7:!0) H) Hr,>.y 

* i f n \iMi I hr ffi't f rfif lin* ill I hr kn! eohiiiiii would Iw changed 

ri!tiv. hI!.! U.. .. ..1 .l..' !-Ih ...a funmn- would 1« (11,711^ 
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MTKMHX 


DETEItItINiKt* THE MUlHrt’tii: IN’ <*ilAL ^ 

Until rcccnily two metlmclH of <!«ii‘rmiii!ij|i iitoi'^iiro m Ituvo l«H‘n in 
common uho: firnt, tin* mu* nsuft!!\ m liMiin ft-.iotf, whirh roiisintH 

in drying a largo Hampk% il». or in :i fun ifliiml *H'or the 

boiler or Hues w'eond, llu* mrfluHl y'Uiitfh lo rlifinr.iM. f»f dnmg 

a 1-gram nample of pulvorigod i'oal nt *41:! I -"du . m n titfli^ abuvo, lor 
an hour, or until eonatant weight r- i*btiittird lliah nifiliMif-i mv Imbl,* t,» 
large errorn. In tlu* ftrat iiu‘!IukI, tb«* ;tf wlm b ihr tlt\iti|| Inkeis 

place ia uncertain, and llu‘re i?i no nieaii.M of kinnune ubs ^h* t thv frifi|H'riitun* 

obtained in Huflieitmt-t<i dri%a* oil ilit* t*'. brlil h% iorri'or 

other attraction within tlic lumfH of ct».d, I* j in * ro »»! tatsiiitiiiuim 

coals HceniH to Ihuw pore mu ii; wooibHiuiu- n.pd t-m I* '*11 lu, io«*i .fnn* fiom 
the atmosphere. The accotui in«*flu«i m lid.ls- !*♦ it. iIm m ’./fiitpliiig 

than the first, luul during flu* ptorr *, i.f !ii» iiu I. nr I inc 
sieves, a ctmHidenihle portmn *4 flii* nan ^?ur t y 1* niMud h% .m 

drying. In an eKtensive rtcnon ol boit i o * f h\ i|« wn^it m i|jm 

summer of IHUd, it became necc ,411 fo fm.l n mo . ^ w ,\u of lirfniuti 

ing moist-ure than citluT of tho'»'%l*o\r *h ft irpijjOHi 

heating at gradually incrca* ing ft tu|« inUiit ■ fiMto m tori. 

and weighing at infervalH of itii tioin or mnO', ib-ii ihi i*., u le »»! * * hI 
ually decreaactl until it ltt‘came iir.uH tnui'f ite, ue 4 4 .» o * ;* m ^wdit iin-o n r 
took place, which increiiH* brcaioe ro *!i r *4* biiitni s |* ,'0,i litMiuig' to 
tem|Hiraturea almve 250 dt*g. ft li.i ^ itHmi i m n -f. *i .»f y i* O r. Ipjii-d 
above 212 deg. Knhr., vobftle iiiatler will In linMii M*f. t ,ji | pr.df^d fi-'i 
on Hcventecn (lifferent varitditm of eoal o in Troo i% 014^ 

Indiana, Illinow, and Kenfiiclv imurnlK h.mtd .1 n oio ,1 »brttni'n oi 
weight fo a minimum, folliaiid hv the npi# % u- f jIm! 4!^^ u , nutl m nu 
aing'le case wiw tlicre any iH-rrofifih|>* otiMi (t mbm lodu.ifini of lohiiiio 
matter piwsing off below II leififM I af 111!'of I L« f^f no ii 4 j 

tile matter was given off wan ftittlirf to la COif, ibt if m 4 itfj/. 

retort and catching llif» \iipor ilfiiMn nu n* 4 i-e?!, iiilfii 4 el, o itf 1 jii*| 
inverted in a btwin; the air tic'pi.ooil iroiti lU-o ?.•! * |o . p 10 1 odiiMiimlto 
heating displacing thi' wtiftT m tim bf‘«!h. Wloo ’'!» h 4 m 
after being hcattni to 350 ileg. ill an oil b.lily liu oi ibir » 4* omE a « muii ft ib 
and returned from tlie lioftlt fo tli?* irO'if, h itffii. i niil hI a prt 
an at the beginning of fhe tieafitif. 'hoiiimt iim a b ol I ?? n gn^ n t ti, 

except possibly aiiclt e\«'etHliftfH .'fad! 4? u .»M |i ,.ir,|brf| t r 

the water, The melluwl ilr'riibi'd in \\ >1 if* op. tiaa thru 

adopted m the iiviuliit 4 o iiirfliMil mI drtffoaiai ^ ^ 1 *- o.-a-jufr m fhrto 
coak, ItH aeciurimy wim ftirtli»*r rlir*l.isi oihm m * 

The new methtal of drying and if-* i«' »ibu Vo le »* loianoo n 4 iIim mtifi r 
to Prof. It. (h lkr|ieiitcr ill t ottull I 'ifi, - h* Mw i wnc tumh* 

and he thereupon b^gim c\|»i'iifiiriiiini* %,fii iba . 4 *o 4 lyilt ^Miiiniiirti 

*Tli!i awl follewlfiif arfifli i nr** forni t!‘* '^Tt' *l a ^ . im » mh »4 

ftomewhftfc alirldgwh Tim iiiiiiiif** uo- Vt>r* i,l > a i 4 m.:, i ♦ j. #i«l 

William Kiiat. 

t The iaiae mellwKl l« tw»if 4 *fi»rtj»lr 4 la iff ii»| tn »,! is < ri*A> 1 f».si 1 

la 1915 . 

$ For ieienttlle Itwcilliilimi-i in * '!<-• *>,. 4. t 4. r ki*’4M 1 u.r 

would sufgwl that the coal tm 10 »n o- *4 , * m| 

tkm, and thatthowoistiifciliiirfjni! l« »,| i 4 , , >,4 f <4 m ^ 

The lOMi of weliht hy tti« mml ♦hniiM ry«*l |i 1 t/aru .4 t4» 1 o. i ^^ i.y $4 iiil» 

cium if no volatile iiMtter l« «iriven «if 



naiLKU THSTH 


241 


thr riiiii'lti i*<ii 

Igiifrtl ill*' III*' 

ftiur «»r Ih r III iniitil«ri. 

SIKhlllti ni li-a. 

|»l4|M*r till " 11 \ ri «f t i* 
nirrf iiil-t ^ i 

** \\ If {4 flu fii' 't \i4,: 
dn^iiiK iMLihlr 

llllfl ifll III! III*? ist if«* ' 

urn dm '* 


111 :( !. tt., .hii.l Miiv J.s, l.S!t7, Iiowvr: “Wo have 

-)"■ in nil (ho wuupioH tested, some 

n» II li 111. .•i!.|.ii oinl,|o lusH holwoon tomiKiratures 
1 I I.. |..^ 1.ihjiii „ur iiioi,iisi,r \soigluiig,'’ luhis 
Ml prosoiiioil nt. the Hartford 

*4 111 . |. 

. till ri^ |M III, tif w(‘ight, due to 

liiidir 5i fri}i|M*uiiure of m) deg. Fahr., 

ti» }i 1 :'. III! Umn under a t4UU|H*,raturo of 

w. K. 


lit If i.\ii .iiiM*. ill liir Miiir/rtiii: in the mum 

TIii' tIiioffliiH' . iImiuo* fi i^,* fir I ill rriltn! I»y Frofrmir Peabody 

iu It.'Oi \ I . f ^ .* W .ifid if , iitfrtiifirjition*i by Mr. BarruH, 

vol VI, .1 ‘II I*.1,1;, ;iiHi In TihIV'% or C ar|w*nter» voL xii,' 

fnige fd '* tit» 'ii'i I .ii t lii'iiutMl l»\ PiidoHHor (*nr|Mnit-(T, 

%ol \ut, |MM "ll .b o 4 !r ii mI to drtrrioimUhiMnoiHturo 

ml lifti* Hi I o til j !| !• ‘K »M' f ,1» »i iflilii f|||i : 4 i*:ou give 
ttip’ii I. ,t 11’ I I ’if II i ;i j iiriiirate withiu (15 fMT 

*bi I » s-' ' * ?i H?, ‘biiitii* i|i|itfifif) of fhe i4timui) for the 

mU H Ibi I'll 1'I ‘ ’o I » I 11|H I sflit I, f j||. of the proh- 

iiliir nii»i Ml * I*’ loi t’ f I 1. ^ *i » i ilfo rftni » dm* to iijiuTuriiey of the 

pi**’ '****' b ,1* I 4 ? . t 'I I * . f fliHi.,10 .ifiih iii ihv OJIK4* of the throtr 

llltll? * d-iliSu» '*1 ■* 1 |i- S. I 1 < , O I< i m| I hr livtlti* thill for the 

hrnt f , 4 o ‘d it} t»»io|*iiiiiig the rt*miltH. It is, 

Im jf» !'ir , .. '.PI ti ,f o!,| 4 o I* pii* ml . the average quality 

«*| tin ?* uo ii> '*'1 1 !i i Ir. Ii th* ’ iiitpir I iiilmo I’he praetieai im- 

|io nbilif , .1 k i , I t! . r . . * o *'iirf*, iiiilv ttlitii the |«TCiefitiige 

i»l III# Ii* nil I * ». o ^ I , ?. I *. iif. ^ ii 4 liar ftto by Proftsssor 

J If ofitr# III I ‘ 4 i ♦ ' , , ‘ • I o ' I Pn |si |7 

III fi, 4 ', #'i , r . ^ * M . Mi I . 1, Ml,I it hi II awl of Will i*r 4 lit boilers, 

III vjfiiili tlfw# I . i-jji #1 r, M t’o -Hi i« . ainfi fie* mefei’-Ievel i« earriecl 
-ft b nil id u j ^ 1 ^ I , 1 # ) 'I. H ,?H riifhf ai}i| iiliru the wiitiT k not 

»tf I «b H 4 o f * . ' t nr i rd nh I# io thf I'l'f* ol \u‘iter-liii«* boilera 

' : Ml ‘ 111' 'h 1/ o -i 'In iriddh'of ihn Iliigtil of the waier- 

dtitoi, til* o- 1 n o I , . f, ‘ «’i I' * 1 diii ill fhr no.ifii famh, if ever, exm^da 

7 |»? i r I o > * . 1 4 w, 0-' ^ o Wi vidi iIp’ prrtiiijfionM j 4 |i 4 *eified 

III fin- * • d# 1 W > .0 n d ' » I ii k* i ’ii#l4||o nillilile of the «teill« 

Iiltiir,b,4 In br r < 1 or! n o-i.m ^ 4|r $4 aJ tleleriiiined by the 

0} r d’i 4 ’ o.H I4 * ^irniiiril :i,h fieeufiita within 

» 1^* I'' “ ► ! !'* fa ! tin! »!f dfil rtt'llglnlfiff & imtlt 

frtt ‘ ** Hi n* , I w. iW‘it 40 »i 111 rt f«Hiitit^r»tiire above 

iii*i ir--‘* ‘ ".I lit. iji iiiiifiii foaialn- 

ii‘r ft ?br M 1 j ' .'i i! o 1 M r f 1l.11 r» «iHk fn^ifomtwl with 

tf I«Ir , 1# * t , n, • a • ■ o »r I I , ll» ' *«i | 4 if4 p»»i ttircitigh 

tnn w M’ i* 'm * • . , ‘ 4 f ’ a * ' n!iMt , 4f, ,1 o,rioi fell! mill ilieritiometw. 
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of 1 por cent. For scientific r(‘S(‘arc*h, and in all case's in whit'h thc'n' in rea¬ 
son to suspect that the moisture may exccH'tl 2 ptT ccait, a stt'am w'parator 
should be placed in the steam-pipe, as n<‘ar to tlu‘ steuim emtlt't of tlie boiler 
as convenient, well covered with h'ltinpc, all th<‘ sit'am made l^y the boiler 
passing through it., and all ihe moisture cauglit by it c*nrefully wta'ghed after 
being cooled. A convenuait method of obtaining tlu* wcaght of the drip 
from the separator is to discharge it through a trip into a Intrnd of <*(d«I wat(‘r 
standing on a platform scale. A throttling or a w'parafing cahamtu'bT should 
be placed in the steam-pipe, just iH'yond tin* steam s<*parat<u\ ftjr (he purpose 
of determining, by the sampling method, the' small |HTct*ntagt‘ of moisture 
which may still be in tlu'. steam after })aBHing thnaagh tin' separator. 

The formula for cahnilating tbe percentage of imuHture %\lH*n tim throttling 
calorimeter is used is the following: 


w 


100 X 


L 


in which w ^percentage of moisture in the steam, !! total land, aful /, Intent 
heat per pound of steam at the pressure in tht' Htenneptp<% /i total heat per 
pound of steam at. thc». pnwure in the diwdmrgf* siile of the raIorimet<*r, A* "’ 
specific heal, of supt'rht‘alc*d steam, T tcmperaliire of flie tlirottle jmd sti|w*r- 
heated steam in thc' calorirneitT, and t ■ temiH»rnture tine !(»tla* presaun* in the' 
discharge side of the ealorimettT, 212 deg. Falir., at atmospheric pressure. 
Taking /i;*0.40 and (-212, tlm formula rttduc.es tti 

inn ^ -^0.40(f - 212) 

tc-IOOX 

o W. E. 


EFFICUKNt’Y OF TUK IIOtLFU 


The efficiency of thc^ iKuler, not im-hiding flie graft' fnr flit' effadenev hagwl 
upon combuslibho is a mt»rc iu‘curate mt'aMire of rompanson of iUffvrtmi 
boilers than the eflicitmcy inchaling tin* grate (or the eilirmiiry biimal u|Hm 
coal); for th(' latb'r is subject ton mmib»*r td tunable c'oiitiiiionH, wicit iw 
size and character of tin* coal, fiir-spnct*a k*tuet*ii the grilledmrn, fikdl of 
the fireman in saving coal fmm falling Ihrotfgh I lie grate, etc, It m, fimreover, 
Hubjctet to errcjrs of sampling the ctml ft»r tirymg iiinl fnr fitiiily,’ 4 |j 4 , which idTect 
the result to a greater dc‘grt*e than (la\v dti thv efficituiey biiM'tl upon rtniibui- 
(ible, for the reason (hat (he Iteating value pi-r of roiiilnififible of any 

sampler selected from a given lot, stich as a riirdi*iiil of ettfil m |imrtteiilly k 
constant (juantily and is independent tif fla* permitiige *»!' iiiiii«fiire nnti ksli 
iu^the samtde; while the sample itself, upon the hniiing vidne of wlmdi the 
eflieienc‘y based on etail is ealeulafed, may clilfer iii its |ieiTrfifitge of iiioisttiiv 
and ash and from the nvcuiigi* eoal ii,^.ed m tli<' bmlrr'te^if. 

Whtui the objei't of a i>oiler-test is to deterfinne ils eflirii'iiry fiH mi 
absorber of heat, or to eompare it \^ith of her bnderx, flit' etfii-imev bnmi iiti 
comhuHtihle is the one which should Uv usiil, tuif when the objerf of the te«t 
is to determine the elhcieiicy of the eomfaiiiilion of the boiler, the fiiriutre, 
and the gmte, the efhciimc'y bused on eoid mtiHt tit cefi?mrity be tiiital 

w. K. 


MMfUmi rHIE «IAI4K» 

Very great diversities in tlip nmipowfioii of flue giwen nfteii e^i«t in the 
same flue at iha saiw' time. obtiiiii a fair ^iiiplr, n |iii« |,ei-it futinil mi- 
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ficient to have one orifice to draw off gases through for each 25 sq.in. of cross- 
scction of flue. The pipes must be of equal diameter and of equal length. 
Onc-quarter-in. gas pipes, all alike at the ends, and of equal lengths, answer 
well. Similar steel tubes will be still better (because smoother and more 
uniform). These should be secured in a box of block of galvanized sheet 
iron, equal in thickness to one course of brick, in such a manner that the 
open ends may be evenly distributed over the area of the flue A (Fig. 65), 
and their other open enclosed in the receiver B. If the flue gases be drawn off 
from the receiver B by four tubes, CC, into a mixing-box D beneath, about 
3-in. cube, a good mixture can be obtained. Two such samplers,’’ one 
above the other a foot apart, in the same flue, will furnish samples of gases 
which show by analysis the same composition. 

J. C. H. 


STARTING AND STOPPING A TEST 

A special caution is needed against a modification of the “alternate” 
method,* which has been adopted by some testing engineers within the past 
few years. It consists in taking the starting and the stopping times each at a 
time subsequent to the cleaning, say after 400 lb. of coal has been fired since 
the cleaning. There arc two sources of serious error in this method, one 
causing an incorrect measurement of the coal, the other an incorrect measure¬ 
ment of the waiter. Suppose 200 lb. of hot coke are left on the grate at the 
end of (deaiiing and 400 lb. of fresh coal are added by the end of, say, half 
an hour aft.cu* cleaning. If the (;oal left at the end of the cleaning, and the 
boiler walls also, arc very hot, and the coal is highly volatile and dry and the 
pieces of su(‘,h size as not, to <‘,hokc the air-supply, the fire may burn so briskly 
that at th(^ (aid of the half-hour the fuel-value of the partly-burned coal left 
out of the total 600 lb. is equivalent only to 200 lb. of coal. If, on the con¬ 
trary, the hot coke on the grat.es at the end of the cleaning, and the boiler 
walls, are considerably cookul, if the fresh coal fired is moist and of small size, 
such m th(^ shuh of run-of-mine bituminous coal, which is often found in one 
portion of a pile in gnuitt'r quantity tiian in another, the fire during the half- 
hour may burn so sluggishly that the coal and coke on the grate at the end of 
the half-hour may have a fuel-value equal to 400 lb. of coal. If, in this case, 
it is asHUUKHl tiiat the quantity and condition of the coal at the end of the 
half-hour aftc^r cleaning are the same at the starting and stopping time; 
and, if the firc^ burned briskly during the half-hour before starting and slowly 
during the half-hour before stopping, the boiler will be charged with more 
coal than was ac.tually burned. If, on the contrary, the coal burns away 
more slowly during tlu^. half-hour after the cleaning before the starting time 
and rnon^ rapidly during the half-hour before the end of the test, the boiler 
is not charg(Hl with as much coal as was actually burned. 

The error in wat.cu--mcaiHur(unent is due to the fact that the condition of 
the im\ and (‘.specially tlu^ (juantity of flaming gases arising from it, influences 
the height of t he wal(T-k‘V(i. A bright hot fire, or a fire with an abundance 
of burning geis proc((Hliiig frone it, caus^es the water-level to rise; while any¬ 
thing that (!ools the furnace, such as freshly-fired coal, an open fire-door, or a 
check to the draft, causes the water-level to fall A rise or a fall of several 

* The ** aU©raat(^ method of the Code of 1899 is the standard method of the Code 
of 1915 . 'Hie old standard nusthod, which consisted in starting with a wood fire 
and stopping by burning down and withdrawing all ash and unburned coal from the 
grate, ia now abandoned. 
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inches in a few BCConclB frequently oeeurs, when hitumirHuiH edfd in uhc^U. If 
the water-level is noted at tfu' slartiiiK of (he when it is raistnl by a bri^lit 
fire, and at the end of a test, wIk'ii it is depressed by {ht‘ stoppai^e of violent 
ebullition or of rapid eircuilation, du(^ bi ilu‘ eooUng t»f the hr(% the btnler will 
be credited with more water than was really evaporatcHl and ncr rtrstt. 

The only eorree.t times to be noted as the starting and lh(‘ stoppinii; tinu's 
are when the smallest amount, of fut'i is on tlie grab* ami wlaai it is in tiu* most 
burned-out condition; that is, just befort' tiring fn‘sh eoal after eleaning, and 
when the water-levcd is in its most, (juicq. condition ami tla* loast raisetl by t^ad- 
lition. The furnace-door lias thcai btaai k<*pt open for some inne for chaining 
and the furna.ce therefore is in its c’ooh'st statt*. 1his eonditam of lire nml of 
water-level cun be duplieatcal immedialt^ly aft<a’ eleanmg tlie lire; but then* is 
no certainty of diiplieatioti of any condition uhen there h a bright fin' and 
consequent rajiid st i'anling. 

These stabsmmts ani not bawal upon ilsHireitesI enirhh*rations, Init jire tlie 
results of many experimcmts niade by the winter to deiermiin* the best starting 
and st.opping tim(‘s. In a long serii's i)f tests with biiumnmii-i eoids no less 
than six dilTerent tinu's w(‘re nn'orded as starting timea miii as many as 
stopping times, tind thci eoal appanndfy usetl and I la* \uit«*r uppnrtmfly 
ovaporabnl nunanhal and ealeulatml for eaeli. dhese times mn'v: J, befnm 
opening the first or right-hand door tt> clean Ihi* tire; /k after cleaning the ftrat 
half of the furmu^e and just befon* tiringi’resli eo;d; (\ after cleaning the second 
half of the furnaeiq J), aftta* 200 lb. of fresli eon! Imd been bred; •|(K) 

lb.; F, after 000 II). By plotting tla* apparent ttitfer-rvaporitfion between 
A and Ef both for st-jirting and for stopping linn ‘s, it Hcen f hat ftiere was 
nearly always an apparent nc*gntive (‘vaporntion between /» and /), nnd :nmw« 
times between H and (' ami bidweim li ami h\ due to the ccu’reetion for 
hciglit of ohserviHl widc'r-Ievel, the h‘vel rising rapalh, being much greater 
than the water fisl by the pump. 1‘here \\n^ often no stniil'Uii\ of ap|H*iir- 
anco of the plotltsl dingnuns lietween .1 ami F at, the beginiiin|,f and {it the 
end of the. sarnie test. Ohi' pcwsilOe error of walerutieHsureii rni dm* to taking 
A, D, A*, or/'f’as the* starting tiim* sjmieiiiiies as fiiiich m 200it lb of wiiler, 
or aliout 3 t)er emit of tlic' whole amount c’Viiporalcfi in n ten hour leaf. The 
record of water t»vaporntetI l«»tw’een tin* slopping and fimea i* tieeii- 

sionally dilTered eon.sideriibly from that fakeii iHUween the /I ninrt ami 
due to the fact that HometimcH between H and F there whm a Middmi light¬ 
ing up of the fri'sh (‘t>fd on IIh' eleanml sidi* of the I’liriiiice, while nf other tiiiien 
the fire would not lighl np hriiditlv unfil nfter the r* pmnf had imsfieci. If, 
was therefore dtahled t!mt tin* li lime, when the fiirtnire wns the rnldi^ni 
and the water-level at (he lowest, was the only time which roiild be itrciqdml 
as the true starting and stopping time. 


W, E. 
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1\\BLE 1 

FACTORH OF EVAPORATION- FOR DRY SATURATED STEAM 

. 

aagcu>rwH.. OA 1^)'^ 20.'^ 1 10.3 40,3 50.3 60.3 70 

AbH.imm. 15 25 35 45 55 65 75 85 


FA(m>Rfl OF Evapoiiation. 


I .0001 
H 
65 
96 
I.OJ27 
5H 
89 

1.0220 
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TABLE 1 —Continued 

FACTORS OF EVAPORATION FOR DRY SATURATED STEAM 
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FACTORS OF EVAPORATION FOR DRY SATFRATKO STKAM 
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1i 
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44 
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5F 


61 
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71 
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78 


82 

86 

94 
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1 

.08061 

1 
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I 

Oftl 1 

1 o«t? 

1.0825 

1.0829, 


n 
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48 

56 

60[ 
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/I 


i%\ 

79 

87 
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1 
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1 
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I . 091 1 
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1 if ill 

t 
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Iii*'6 
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50 

58 
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/O 
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«1 
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50 
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1 
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I 1 Hi 
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12 
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M\ 
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74 

81 

85 
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9 1 



1 

14011 
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t 

N24 

} 
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1% 
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5/ 


6/ 

66 

71 
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m.t: 
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9/ 
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1 
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1 
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78 
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flf, 


‘ill 


*H 

98 
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191 V’ 

I 

Fit; 
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16 
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6/ 

m 
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9F 
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2 2.29 


I4i 
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5 / 
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91 


9f6 

1 iilM'l 
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TABLE 1 —Continued 

FACTOKS OF EVAPORATION FOR DRY SATURATED STEAM 


I,h. 

iin'«H.2l0.3 

Aim. 225 


215.3 

220.3 

225.3 

230.3 

235.3 

240.3 

245.3 

250.3 

230 

235 

240 

245 

250 

255 

260 

265 


Food 

Wator. 


Facto liH ox*- Kvapohation. 


2I2« F. 

1 .0510 

200 

41 

206. 

72 

20 3 

1 .0601 

200 

14 

197 

65 

194 

96 

191 

1 .0727 

im 

58 

185 

89 

182 

(.0820 

179 

51 

(76 

82 

173 

( .091 3 

170 

44 

167 

75 

164 

(.(006 

161 

17 

158 

68 

155 

99 

152 

1 .1 ( 30 

149 

61 

146 

92 

143 

1 1223 

140 

5 3 

1 17 

84 

1 34 

1.1315 

1 31 

46 

128 

77 

125 

1 1408 

12i 

19 

1 19 

69 

(16 

1.1500 

IH 

, 31 

110 

62 

107 

93 

104 

1.(624 

lOl 

54 

98 

85 

95 

(.1716 

92 

47 

a*i 

78 

86 

1.(808 

81 

19 

80 

70 

77 

1,(901 

74 

II 

71 

61 

68 

91 

65 

1 .2014 

62 

55 

59 

86 

16 

1.2117 

$1 

48 

50 

79 

47 

1 2210 

44 

41 

41 

71 

18 

1 JIOI 

15 

14 

12 

65 


1.0513 

I .0517 

44 

48 

75 

79 

1.0606 

1 .0611 

37 

42 

68 

71 

1.0/00 

1.0704 

31 

35 

62 

66 

91 

97 

1.0821 

1.0828 

54 

59 

86 

90 

1 .0916 

1.0921 

47 

51 

78 

82 

1.1009 

1 . ion 

40 

44 

71 

75 

1.1102 

1.1106 

II 

37 

64 

68 

95 

99 

1.1226 

1.1210 

56 

61 

87 

92 

1,1318 

(.1322 

49 

53 

80 

84 

1.1411 

1.1415 

42 

46 

72 

77 

1.1501 

(.1507 

14 

38 

65 

69 

96 

(.1600 

1.1627 

31 

57 

61 

88 

92 

1.1719 

(.1721 

50 

54 

81 

85 

1,1812 

1.1816 

42 

46 

73 

77 

1 .1904 

1.1908 

15 

39 

66 

70 

96 

1.2001 

1.2027 

31 

58 

62 

89 

91 

1.2120 

1 .2124 

51 

55 

82 

86 

1 .2211 

1.2217 

44 

48 

75 

79 

1.2106 

1.2310 

37 

41 

61 

72 


1.0520 

1.0523 

52 

55 

83 

86 

1.0614 

1.0617 

45 

48 

76 

79 

1.0707 

1.0710 

38 

41 

69 

72 

1.0800 

1 .0810 

31 

34 

62 

65 

93 

96 

1.0924 

I.0927 

55 

58 

66 

89 

1.1016 

1.1019 

47 

50 

78 

81 

1.1109 

1.1112 

40 

43 

71 

74 

1.1202 

1.1205 

33 

36 

64 

67 

95 

98 

1.1326 

1.1329 

56 

59 

87 

90 

1.1418 

1.1421 

49 

52 

80 

83 

1.1511 

1.1514 

41 

44 

72 

75 

1.1601 

1.1606 

34 

37 

65 

68 

95 

98 

1.1726 

1.1729 

57 

60 

88 

91 

I.I819 

1.1822 

50 

51 

80 

83 

1.1911 

1.1914 

42 

45 

71 

76 

1.2004 

1.2007 

35 

38 

65 

68 

96 

99 

1.2127 

1.2130 

58 

61 

89 

92 

1.2220 

1 .2223 

51 

54 

82 

85 

1.2313 

1.2316 

44 

47 

' 75 

78 


0527 

1.0529 

58 

60 

89 

91 

0620 

1.0622 

51 

53 

82 

84 

0713 

1.0715 

44 

46 

75 

78 

0806 

1.0809 

37 

39 

68 

70 

99 

1.0901 

0930 

32 

61 

63 

92 

94 

1023 

I.1025 

54 

56 

85 

87 

.1115 

1.1118 

46 

49 

77 

80 

.1208 

1.1211 

39 

42 

70 

72 

1301 

I.1303 

32 

34 

62 

65 

93 

96 

1424 

1.1427 

55 

58 

86 

88 

. 1517 

1.1519 

48 

50 

78 

81 

.1609 

1.1612 

40 

43 

71 

73 

. 1702 

1.1704 

32 

35 

63 

66 

94 

97 

. 1825 

1.1827 

56 

58 

87 

89 

.1917 

1.1920 

48 

51 

79 

82 

.2010 

I.2012 

41 

43 

72 

74 

.2102 

1.2105 

33 

36 

64 

67 

95 

98 

.2226 

1.2229 

57 

60 

88 

91 

.2319 

1.2322 

5C 

53 

82 

84 


0533 

1.0535 

64 

66 

95 

97 

0626 

1.0629 

57 

60 

88 

91 

0719 

1.0722 

50 

53 

81 

84 

,0812 

1.0816 

43 

45 

74 

77 

.0905 

1.0908 

36 

39 

67 

69 

98 

I.1001 

,1029 

31 

60 

62 

91 

93 

.1122 

1 .1124 

53 

55 

83 

86 

.1214 

1.1217 

45 

48 

76 

79 

. 1307 

1.I3I0 

38 

40 

69 

71 

.1400 

1.1402 

30 

33 

61 

64 

92 

95 

.1523 

1.1525 

54 

56 

85 

87 

.1615 

1.1618 

46 

49 

77 

80 

.1708 

1 1710 

39 

41 

69 

72 

.1800 

1.1803 

31 

34 

62 

64 

93 

95 

.1924 

I.1926 

54 

57 

85 

88 

.2016 

1.2019 

47 

49 

78 

80 

.2109 

' 1.2111 

40 

1 42 

70 

1 73 

.2201 

1 .2204 

32 

: 35 

63 

; 66 

94 

1 97 

.2325 

i 1.2328 

55 

r 59 

88 90 
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APPENDIX 


TABLE 2 


PROPKETIKS OF RATtFRATKD RTEAM 


(Coridoneed from Goo(:1(‘!K)h#?Ii'h " Proportin'H of Sti‘am ami Armnonla/’ John WIloy ^ 
SoiiH, l>y porniiHHion.) 


PllESHUIlE 


Vol¬ 
ume, 
eu. ft. 
per lb. 

WeigiO, 
ll). pvt 
eu. ft. 

In. of 
mor- 
cury 

IJ). por 
HQ. in. 

Tomp. 
Deg. F., 

1 

.4912 

79.06 

652 

0 001514 

2 

.982 

101.17 

318.9 

0 002950 

3 

1.474 

115.08 

211.4 

0 00412 

4 

1.965 

125.44 

176.5 

0 00566 

5 

2.456 

133.78 

141.2 

0 00698 

6 

2.947 

140.80 

120.7 

0 00829 

7 

3.438 

146.88 

110.4 

0 00958 

8 

3.929 

152.26 

92.1 

0 01085 

9 

4.421 

157.10 

82.5 

0 01212 

10 

4.912 

161.50 

74 8 

0 01 lift 

n 

5.403 

165.55 

68 4 

0 01461 

12 

5.894 

169.10 

61 0 

0 01587 

13 

6.39 

172.79 

58 5 

0 01710 

14 

6.88 

176.06 

54 6 

0 01811 

15 

7.37 

179,14 

51 14 

0 01955 

16 

7.86 

182 06 

48 H 

0 02077 

17 

8.35 

184 81 

45 49 

0 02198 

18 

8.84 

187 46 

41 12 

0 02119 

19 

9.33 

189 97 

40 99 

0 02419 

20 

9.82 

192 18 

19 08 

0 02559 

21 

10.31 

194 68 

17 14 

0 0267H 

22 

10.81 

196 89 

15 75 

0 0279/ 

23 

11.30 

199 01 

14 29 

0 02916 

24 

11.79 

201 09 

12 95 

0 01015 

25 

12.28 

201 08 

If 71 

0 0M5I 

26 

12.77 

205 00 

10 %7 

0 Oli/l 

27 

11.26 

206 87 

29 51 

0 01188 

28 

11.75 

208 67 

28 51 

0 01505 

29 

14.24 

210 41 

if 61 

0 01622 

29.92 

14.697 

212 

26 81 

0 01710 

30 

14.74 

212 fl 

26 75 

II 01719 


15 

211 0 

16 10 : 

0 01 mi 2 


16 

216 1 

14 76 

0 04018 


17 

219 4 

11 40 

0 042/4 


18 

221 4 

22 18 

0 04508 


19 

225 2 

11 09 

0 IH/42 


20 

m it 

20 10 

0 0498 


21 

210 6 

19 20 

0 mu 


22 

211 1 

18 m 

0 0544 


21 

215 5 

17 64 

0 0567 


24 

217 8 

16 95 

0 (rtmi 


15 

240 1 

16 12 ! 

0 0611 


26 

142 I 

15 71 

0 0616 


27 

244 1 

15 1« 

0 0659 


28 

246 4 

14 6/ 

fl 06«| 


29 

248 4 

14 10 

0 0104 


10 

250 1 

n 76 

0 tt/i/ 


11 

252 i 

11 14 

0 0/49 


12 

254,0 

12 95 

0 0171 


11 

255 » 

12 59 

0 mm 

1 

14 

257.6 

12 14 

0 0818 

1 

15 

259 1 

H 91 

0 CI840 

.J, 

16 

260 9 

H 60 ^ 

0 0861 


IIkat C’ontknt in 
H.T.U. 


of llfiuOI. 

«*f vapor. 

47 11 

1095 0 

69 16 

IH15 1 

81 04 

lilt 4 

91 17 

1115 9 

MO 68 

1119 6 

Itm 69 

H12 6 

M4 8 

1115 i 

liO 2 

112/ 5 

125 0 

1129 6 

tJ9 4 

H it 4 

HI 4 

tin. I 

H7 2 

tIM 7 

140 7 

IHf*. 1 

HI 9 

IH7 5 

147 0 

1118 8 

149 9 

1 HO.O 

HI 7 

IHl.f 

H5 4 

H42. 1 

h; 9 

INI 1 

160 1 

1144 1 

I6i 6 

1H% 0 

164 8 

1145 9 

16/ 0 

1146 7 

169 0 

114/ 5 

1 70 1 

1148 1 

1/10 

IH9 1 

1/4 ft : 

1149 ft 

1/6 6 : 

11511 5 

1/8 4 

H5I I 

180 0 

IHl / 

180 t 

^ 1151 8 

tftt 0 

1152 i 

184 1 

115 1 4 

18/ 5 

IH4 6 s 

1911 % 

1155/ : 

191 1 

1156 / 1 

196 0 

115/ / 

tm / 

1158 / 

itll 2 

1159 6 ! 

IIH 6 

1160 4 ' 

2116 0 1 

1161 1 

am i 

1162 1 ^ 

110 4 

1161 8 J 

211 6 

1161 6 i 

2H 6 

1164 1 1 

116 6 

116% fl ^ 

2I« 6 

tl6'» / 1 

ill} 5 

1166 1 j 

HI 4 

1166 *1 1 

ii4 i 

i 16/ % ? 

ii% 9 

llliR 1 

11/ / 

1168 / 

129 4 

II69 i 


I.iitont 
ht'ttt of 
vapor- 
i/mion 
In li.T.lT. 


1047 9 
1016 0 
loia I 
lOii 5 
HI17,9 
ICM I 9 
1010,1 
1007.4 
1004 h 
lOOJ J 

<ppi y 

99? 1 

m% % 

991 0 
991 . 7 
990.0 
9«a I 
♦mo 7 
i 

oai a 
9«i 4 
9H» I 

979 « 
9711 % 
9/7 t 
97^ I 
914 9 
9/1 « 
9/i 7 
9/1 7 
9/1 7 
9/t.i 
*m I 
901 I 
90'* i 
9fi i 4 
901 7 
♦Ifill 0 

4 

mi, « 
91% I 
911 » 
911 4 

mi Cl 

94*1 I 
94« 4 
*14/ I 
94% 8 
944 li 
941 4 
911 I 
911 l» 
919 9 
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TABLE 2 —Continued 
PROPERTIES OP SATURATED STEAM 


Pr(‘a- 
8ure% 
lb. p«r 
aq. In. 

T(Hmp., 

P. 

Volume, 
cu. ft. 
per lb. 

WciRht, 
per lb. 
cu. ft. 

Hbat Content in 
B.T.U. 

Latent 
heat of 
vapor¬ 
ization 
B.T.U. 

of liquid. 

of vapor. 

37 

262.6 

)1.31 

0,0884 

231 .0 

1169.8 

938.8 

38 

264.2 

)l .03 

0.0907 

232.6 

1170.3 

937.7 

39 

265.7 

10.76 

0.0929 

234.2 

1170.8 

936.6 

40 

267.2 

10.5) 

0.0951 

235.8 

1171.3 

935.5 

4! 

268.7 

10.27 

0.0974 

237.3 

1171.8 

934.5 

42 

270.2 

10.04 

0.0996 

238.8 

1172.2 

933.5 

43 

271.6 

9.82 

0.1018 

240.2 

1172.7 

932.5 

44 

273.0 

9.61 

0.1040 

241 .7 

1173.2 

931.5 

45 

274.4 

9.41 

0.1062 

243.1 

1173.6 

930.5 

46 

275.8 

9.22 

0.1085 

244.5 

1174.0 

929.6 

47 

277.1 

9.04 

0.1107 

245.8 

1174.4 

928.6 

48 

278.4 

8.86 

0.1129 

247.2 

1174.8 

927.7 

49 

279.7 

8.69 

0.115) 

248.5 

1175.2 

926.8 

50 

281.0 

8.53 

0.1173 

249.8 

1175.6 

925.9 

51 

282.3 

8.37 

0.1195 

251.0 

1176.0 

925.0 

52 

281.5 

6.22 

0.1217 

252.3 

1176.4 

924,1 

51 

284.7 

8.07 

0.1239 

253.5 

I 176.7 

923.2 

54 

285.9 

7.93 

0.1261 

254.7 

1177.1 

922.4 

55 

287.1 

7.80 

0.1283 

255.9 

1177.5 

921.5 

56 

288.2 

7.67 

0.1304 

257.1 

1177.8 

920.7 

57 

289.4 

7.54 

0.1326 

258.3 

1178.1 

919.8 

5ft 

290.5 

7.42 

0.1348 

259.5 

1178.5 

919.0 

59 

291 .6 

7.30 

0.1370 

260.6 

1178.8 

918.2 

60 

292,7 

7.18 

0.1392 

261.7 

1179.1 

917.4 

(A 

291.8 

7.07 

0.1414 

262.8 ! 

1179.4 

916.6 

62 

294.9 

6.97 

0.1435 

263.9 

1179.7 

915.8 

61 

295.9 

6.86 

0.1457 

265.0 

1180.0 

915.0 

64 

296.9 

6.76 

0.1479 

266.1 

1180.3 

914.3 

65 

298.0 

6.66 

0.1501 

267.1 

1180.6 

913.5 

66 

299.0 

6.57 

0.1522 

268.2 

1180.9 

912.7 

67 

100.0 

6.48 

0.1544 

269.2 

1181.2 

912.0 

6ft 

101 .0 

6.39 

0.1566 

270.2 

1181.5 

911.2 

69 

102.0 

6.30 

0.1587 

271.2 

1181.7 

910.5 

70 

102.9 

6.22 

0.1609 

272.2 

1182.0 

909.8 

71 

101.9 

6.13 

0.1630 

273.2 

1182.3 

909.1 

72 

304.8 

6.05 

0.1652 

274.2 

1182.5 

908.3 

73 

105 .8 

5.97 

0.1674 

275.1 

1182.8 

907.6 

74 

306.7 

5.90 

0.1695 

276.1 

1183.0 

906.9 

75 

307,6 

5.82 

0.1717 

277.0 

1183.3 

906.2 

76 

108.5 

5.75 

0.1738 

278.0 

1183.5 

905.5 

77 

309.4 

5.68 

0,1760 

278.9 

1183.8 

904.9 

7ft 

110.3 

5.61 

0.1781 

279.8 

1184.0 

904.2 

79 

3 n. 2 

5.55 

0.1803 

280.7 

1184.2 

903.5 

ftO 

3)2.0 

5.48 

0.1824 

281.6 

1184.4 

- 902.8 

ft) 

312.9 

5.42 

0.1846 

282.5 

1184.7 

902.2 

82 

113.7 

5.35 

0.1868 

283.4 

1184.9 

901.5 

81 

314.6 

5.29 

0.1889 

284.2 

1185.1 

900.9 

84 

115 .4 

5.23 

0.1910 

285.1 

1185.3 

900.2 

85 

316.3 

5.18 

0.1932 

286.0 

1185.5 

899.6 

86 

117.1 

5.12 

0.1953 

286.8 

1185.7 

898.9 

87 

317.9 

5.06 

0.1975 

287.6 

1185.9 

898.3 

88 

318.7 

5.01 

0.1996 

288.5 

1186.1 

897.7 

89 

119.5 

4.% 

0.2017 

289.3 

1186.3 

897.1 

90 

120.1 

4.905 

0.2039 

290.1 

1186.5 

896.4 

91 

321.0 

4.854 

0.2060 

290.9 

1186.7 

895.8 

92 

32) .8 

4.805 

0.2081 

291.7 

1186.9 

895.2 
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APPENDIX 


TABLE 2-—'Continued 
PEOPEllTIES OF SATtlEATED 8TEAM 


Pres- 
auro, 
U). per 
sq. in. 

Temp,, 
Deg. F. 

93 

322.6 

94 

323.3 

95 

324.1 

96 

324.8 

97 

325.6 

98 

326.3 

99 

327.1 

100 

327.8 

toi 

328.5 

102 

329.2 

103 

330.0 

104 

330.7 

105 

331 ,4 

106 

332.0 

107 

332.7 

106 

333.4 

109 

334.1 

no 

334.8 

in 

335.5 

112 

336.1 

113 

336,8 

114 

337.4 

Its 

338.1 

116 

338.7 

H7 

339.4 

118 

340.0 

119 

340,6 

no 

341.3 

ni 

341.9 

122 

342.5 

123 

343 1 

124 

343.7 

ns 

344 4 

126 

345 0 

127 

345 ft 

128 

346.2 

129 

146 8 

no 

34? 4 

131 

347,9 

132 

348,5 

133 

349 1 

134 

349 7 

115 

150,3 

136 

150.8 

137 

351.4 

138 

352 0 

139 

352 5 

140 

35IM 

141 

351,6 

142 

354,2 

143 

154.8 

144 

155.1 

145 

155,8 

146 

156. J 

147 

156,9 

148 

157 4 


Volurno, 

Weight, 

eu. ft. 

lb. p<‘r 

ptir lb. 

<*u, ft. 

4.756 

0.2102 

4,709 

0.2124 

4.663 

0.2H5 

4.617 

0.2166 

4.572 

0.2187 

4.528 

0.2209 

4.484 

0.2230 

4.442 

0 2251 

4.400 

0 227 3 

4.359 

0 2294 

4.118 

0 2116 

4,279 

0 23 37 

4 240 

0 2358 

4 202 

0 2180 

4.165 

0 2401 

4.128 

0 2412 

4.092 

0 2444 

4 057 

0 2465 

4 022 

0 i486 

3 988 

0 2508 

3 954 

0 1529 

3 921 

0 2550 

3 889 

0 2572 

3 857 

0 259 3 

3 826 

0 2614 

3 795 

0 2615 

1 765 

0 265/ 

3 715 

0 26/8 

3 705 , 

0 2699 

3 676 : 

0 2/20 

1 648 i 

0 i/41 

1 620 1 

0 i/6i 

3 59 3 

0 1/81 

1 566 

0 2805 

3 519 

0 1816 

1 513 

0 284/ 

1 487 

0 1868 

3 461 

0 1889 

1 41ft 

0 2910 

1 412 

0 1911 

3 187 

0 2912 

3 161 

tl 19/1 

3 140 

0 1994 

1^316 

0 1016 

3 29:1 

II 1017 

i 210 

0 um 

1 248 

1) 10/9 

1 226 ' 

0 noil 

1 204 i 

fl Mil 

1 181 

0 1141 

1 161 

0 M6I 

3 140 

0 1184 

1 no 

0 1106 

1 099 

0 lill 

3 079 

fl 1248 

1 059 

0 1169 


IIkat Content in 

n:rA\ 


of liquid. 

/Jil *» 
i«H I 
i*l4 1 
id4 « 

6 

I9ii 4 
id? i 
id? d 
id« ’/ 
idd 4 
mu I 
iim d 
ICH d 
icil I 
ItH tl 
icii ? 
1114 4 
UPt I 
Ills H 

um 
10/ I 
10/ d 
Kia r» 
WH i 
lUd d 
IHi fi 
ill / 
Mid 
Mi 
M i I 
Ml ft 
114 4 
IMi 1 

in / 
Ilf* I 
Ml» d 
It / ft 
lift i 
M» ft 
ltd 4 
lltl « 
yii f» 
III i 
lit #1 
lii 4 
III <1 
yi #♦ 
114 i 
114 / 
III I 
11% «l 
lilt % 
11/ tl 

y/ #1 

lift i 

im ; 


t’f \'iipar. 

Uft? t 
tlrt/ I 

n«? % 

lift? '/ 

11«? « 

} I nil tl 

n«a i 
naft 4 
IlM *» 
Itftft 7 
Uftll d 
llftd It 
itftd i 
llftd 4 
liftd % 
ifftd / 

11 lid ft 
JI dll ft 
Hdtl t 
Udtl I 

I t dll 4 

II dti ft 

I |d» / 

t {dll fi I 

i tidi II 1 

^ tldl I i 

ffdl I 
tidI 4 I 

I Id! % } 

lldl ft ^ 

tldl ft , 

tldl d 
tldl tl 
tidi i 
tidi I 
tidi 4 
ltd? % 
lldl i» 
lidi / 
tldl d 
tt*ll II 
lldl I 
lldl I 
lldl I 
tldl 4 
tldl % 
lldl ft 
lldl I 
lldl II 
11*11 d 
|I*M II 
tldl I 
Ild4 i \ 
Il»#i I 
11 ‘14 4 
t|d4 % 


Latt*ut 
lH*at of 

y.iitiiuL 

ftd4 ft 
Bd4 0 
ftdl 4 

mi ft 

mi i 

«di ft 
ftdi (I 
*» 

ftftd d 

and 1 
ftftft 7 
ftftft i 
m7 ft 
«R?M 
ftitft % 

m%,o 

nm 4 

ftH4 ft 
ft«4 I 
lift I 7 
«ft* i 
mi f 
mi t 
m\ ft 

iifii t 
ftIUI ft 
Bm ft 
ft Id % 
ft/d « 
II/fi *1 
ft/« II 

a// % 

i/ll d 
ftift 4 

nn d 

ft/% 4 
«I4 d 
«|4 4 
«/l ♦! 
«|1 I 
li/i II 
ftli % 
ft/i tl 
«/l I 
ill II 
«lll I 
ftlll I 
»#**l ft 
ftftt I 

mm ft 

ftftii I 
ftlll f 
ftftl I 
ftftii « 

mi% i 
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TABLE 2---Conimued 

PBOPERTIES OF SATURATED STEAM 


Hurt', 
llu l»t‘r 
Hq. in. 


HO 
H2 
154 
156 
H8 
160 
162 
164 
166 
166 
170 
172 
174 
176 
176 
160 
162 
164 
166 
166 
160 
192 
194 
196 
196 
iOt^ 
205 
2H) 
2Hi 
220 
225 
ilO 
215 
240 

m 

250 

2W 

im 

265 

270 

275 

160 

265 

m 

m 

um 

iis 

350 

175 

400 

450 

500 

600 

700 

600 


Heat Content in * 
B.T.U. 


'ramp,, 


157.9 

556.5 

159.5 

160.5 
161 .6 

361.6 

361.6 

164.6 

365.6 

366.5 

367.5 

366.5 

169.4 

170.4 

171.1 

171.2 

371.1 
374.0 

174.9 

375.6 

376.7 

377.6 

176.5 
179.3* 

160.2 
361.0 
161 .9 

161.9 
166.0 
166.0 
190.0 
191 .9 

191.6 

195.6 

197.5 
199. 1 

401.1 

402.9 
404 5 

406.2 

407.9 

409.6 

411.2 

412.6 

414.4 

415.9 

417.5 

424.9 

411.9 

416.5 

444.6 

456.5 

467.2 
466 5 

501.4 

516.5 


Volume, 
cu. ft. 
per It). 


3.019 
3.020 
2.962 
2.945 
2.909 
2,674 

2.619 
2.606 
2.771 
2.741 
2.710 
2.679 
2.649 

2.620 
2.591 
2.561 
2.516 
2.509 
2.463 
2.457 
2.412 
2.406 
2.181 
2.160 
2,137 
2.114 
2.292 
2.216 
2.166 
2.117 
2.090 
2.045 
2.002 
1 .961 
1 .921 
I . 661 
1 .646 
I .611 
1 .777 
1,745 
1 .711 
1 .661 
1.654 
I .625 
1 .596 
1.571 
1.545 
1 .426 
1.127 
I . 219 
1 .162 
1 .011 
0.926 
0.770 

.656 

.570 


Weight, 
lb. pt'T 
cu. ft. 


0.3290 
0.3111 
0.3151 
0.3196 
0.3416 
0.3480 
0.3522 
0.3564 
0.3606 
0.3646 
0.3691 
0.3733 
0.3775 
0.3817 
0.3659 
0.3901 
0.3943 
0.3985 
0.4027 
0.4069 
0.4111 
0.4154 
0.4196 
0.4238 
0.4260 
0.4322 
0.4364 
0.4469 
0,457 
0.466 
0.478 
0.469 
0.499 
0.510 
0.521 
0.531 
0.542 
0.552 
0.561 
0.571 
0.584 
0.594 
0.605 
0.615 
0.626 
0.616 
0.647 
0.700 
0.751 
0.807 
0.860 
0.966 
1.077 
1.30 
1.52 
1.76 


of liquid. 


329.3 

329.8 

330.9 
332.0 

333.1 

334.1 

335.2 

336.2 

337.3 

338.3 

339.3 

340.3 

341.3 

342.3 

343.3 

344.3 

345.2 

346.2 

347.1 

348.1 
349.0 
350.0 

350.9 

351.8 

352.7 

353.6 

354.5 

356.7 

358.8 
361.0 
363.0 

365.1 

367.1 

369.1 
371.0 
373.0 

374.9 

376.7 

378.6 

380.4 

382.2 

383.9 

385.7 

387.4 

389.1 

390.8 

392.4 

400.4 
408.0 

415.1 
422.0 

434.8 

446.6 
468.0 

487.1 

504.3 


of vapor. 


1194.6 

1194.7 

1194.9 

1195.1 

1195.3 

1195.5 

1195.7 

1195.8 
1196.0 

1196.2 

1196.3 

1196.5 

1196.6 

1196.8 

1196.9 

1197.1 

1197.2 

1197.4 

1197.5 

1197.6 

1197.8 

1197.9 
1198.0 

1198.1 
1 198.2 

1198.4 

1198.5 

1198.7 
1199.0 

1199.2 

1199.5 

1199.7 

1199.9 

1200.1 

1200.3 

1200.5 

1200.6 

1200.8 
1201.0 

1201.1 
1201 .2 

1201.4 
1201 .5 

1201.6 
1201 .7 
1201.8 

1201.9 

1202.2 

1202.5 

1202.6 

1202.5 

1202.2 

1201.7 

1199.8 

1197.4 

1194.4 


Latent 
heat of 
vapor¬ 
ization. 
B.T.U. 


865.4 

864.9 
864.0 

863.1 

862.3 

861.4 

860.5 

859.6 

858.7 

857.9 
857.0 

856.2 

855.3 

854.5 

853.6 

852.8 
852.0 

851.2 

850.4 

849.5 

848.7 

847.9 

847.1 

846.3 

845.6 

844.8 
844.0 

842.1 

840.2 

838.3 

836.5 

834.6 

832.8 
831.0 

829.3 

827.5 

825.8 

824.1 

822.4 

820.7 

819.1 

817.4 

815.8 

814.2 

812.6 
811.0 

809.4 

801.8 

794.5 

787.5 

780.6 

767.4 
755.0 
731 .8 

710.3 

690.1 
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APPKNIHX 


TABPE :i 

wpioitT AN!) iiimt <ir \fATi%ft 



(From GooiHiiciiili 

Ti'iiip., 
DeR, F. 

Volutir, 
cuic, 
®rr I.h, 

Wriilit. 
IJ'i. |ipr 
C.‘ll fl, 

1(1 

0 01 MM 

il 1/ 

H) 

Cl OliOi 

61 #1 

4i) 

o.oiioa 

il 4:1 

10 

O'.iiica 

fcl *z 

60 

0 tit mil 

62 ,11 

70 

0 otmi't 

61 li 

mi 

fi.it mil 

ml 22 

‘HI 

i.iiiii 

62 li 

M)0 

•i.iiiis 

*i,«j 

no 

O.ilili 

il .•Si 

120 

Cl, it ili 

iiJi 

(iO 


fil ,11 

Hi 

<i tllftl*! 

II ,ii 

ISO 

cijfii# 

itiJi 

rm) 

O.lHiW 

61 » 

Hi 


«1,S® 

I •Si 

moimil 

Cilt 'Wt 

ifi 

o.iiiil 


2ii 

ijimi 

«,«i i,r 

210 

0 iifiif* 

If » 

2ICI • 

i.iliH 

ri 6i 

2ii 

•ci,^©r»4 

If i.i 

24i 

fl CIIW ■' 

If,, If 

a-*(» 



2« 

0 01/tm 

Si, II 

Mm 

0 ui/m 

i#,i* 

,2iCI 

0 

11,^ 

2m 

ijiiii 


100 


11,11 

Jli 

II IIWf 

In fi 

Iifi 

Cl mm* 

li 62 

•ISO 

fi 

III H 

I# 

ci^.iirfci 

n m 

m 



3m 

O.OtOli 

M,»li , 


Ural 

I 

I til 114 
I IlClli 

I IMIil 
■II mm 
i 'Wii 

II 

fi w;t 

«i til® 
If ^1*1/1 
® tfii 

<1 

II 

II mnki 
II 

I liiil 
i if®i; 

I 

I mH 
I Mill 

I 

I «iil 

t 

I illII 
I .il'ii 
I, mil 
t iii 
i flit 

I .ili 
I iif 
I .fill 

t uu 

i iwfi 

t IHI 

I am 


Uril ¥' 

till 

fill 

l«l 

4111 

4tn 

III! 

•I 111 
Mil 

#lfj 

4«l 


Viiiillllr, 
I *i.| fl 
|trl |.|:» 

It 

Cl lilii'41 
II mill 

fl rilil 
11 

I illMl 

0 oimi 

II 11114 

li 

1 m m 


#10 

•li 

iirw 

4ill 

11 

tiliil 


•il 

mm 

^141 

i 


If It 

II 


nil 

•ti 

"1 

■4 III 

It 

ii|il 

140 

Cl 

ii#ii 

lltl 

Ifell 

fl 

ti 

ti|i« 

till 

It 

tilli 

%m ^ 

11 

ii,|ll 

iriw ; 

0 

mni 

wffi ! 

0 

III II 

6111 5 

II 

on 

mi 

II 

0*1 

il 10 

tl 

ill 

§111 

fl 


ili 

0 



II 


ili 

if 


#,fli 

im 

0 

p 

If 

ili 

III# 

% 

>1 



IVirliflil, 

|n»r 
I '.il ft 

14 m 
14 If 
fl 114 

m 41 

V, 
f| li 

m I 
m I 

'41 I 

m I 

4 "I I 

m I 
4« I 
4; f. 

4.; I 
III I 

r» 1 

i*i I 
■4-1 'fl 
44 II 
•i I 1 


■|.| 

4i 

il 

III 

11 


W I 

1./ ; 

I# I 
II,♦ 

4*1 i 

I® »i 


Wilic, 

rtiillilitir IllirltMil., 
liiwititlt itiirliHI,, 

»♦ M , . 


'I'iUM' » 

It Hi » I • Mi t <t;l SHd 

tt I ,1,1^ 


. , H 

. . »l 

., II «ll>» 
,. ti tmu 
.. » iHit 


I r Si i . ;i 

If iv, f 

I 


i^iwiflc 

lip»i. 

I mi 

I fill 
i ©il 

I mi 

I ii/i 
I ®ii 
I ©il 
I ,ii« 

i ©fl 
I i®-i 
I lii 
I il# 
i iifi 

i HI! 

I Nfi 
t III 
I iii 
i III 

I lit 
i 111 

I 

f lit 
i fii 

I lii 
I '4if 
I 41© 
i Ilf 
I •iii 

I Ifl 


, i mil 
, fl IMtt 
II ifcitt 
fl #IMi 
® lift I 
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TABLE 5 


SPECIFIC HEATS OF GASES 
(From Koentgen’s Thermodynamics) 


Air. 0.23751 

Oxygen. 0.21751 

Hydrogen. 3.40900 

Nitrogcm. 0.24380 

Huperlieatecl Hteain *. 0.4805 

('arhonie acid. 0.217 

Olefiant guH (hlii (ethylene). 0.404 

(’arl>oni(‘oxide. 0.2479 

Anunonia. 0.508 

Ether... 0.4797 

Alcohol... 0.4534 

Acetic* acid .. 0.4125 

tUdoroforin..... 0.1567 


Constant Pressure. Constant Volume. 


0.16847 

0.15507 

2.41226 

0.17273 

0.346 

0.171 

0.332 

0.1758 

0.299 

0.3411 

0.399 


It» iulditioii to tlui above, the following are given by other 
anthoritieH. (Belocted from various sources.) 


inutUmm, 32” to 446" F. 0.0333 

(IiuTnaMoil 0,000305 for each 100" F.) 

Cadmium.. 0.0567 

BnwM. 0.0939 

Cnppt'ff to 212‘^ F. 0.094 

•* 32« to 572« K. 0.1013 

Zinc. 32“ to 212“ F. 0.0927 

*• 32“ to 572“ F. 0.1015 

Nickel. .. 0.1086 

Aluminmm 0“ F. to melting-point 

(A. E. Hunt). 0.2185 


TABLE 6 

BPECHFIC HEATS OF METALS 

. 0.0333 Wrought iron (Petit and Dulong) 

it each 100“ F.) 32° to 212°.0.1098 

. 0.0567 32° to 392°.0.115 

. 0.0939 32° to 572°.0.1218 

. 0.094 32° to 662°. 0.1255 

[_]. 0.1013 Iron at high temperatures. 

. 0.0927 (Pionchon, CompPhS'JKcndus, 1887) 

. 0.1015 1382° to 1832° F . 0.213 

. 0.1086 1749° to 1843° F .0.218 

tiiig-noint 1922° to 2192 F .0.199 


Dr.-Ing. P. OlterholTer, in Zeit. des Vereines Deutscher Inge- 
nmim {ling. Digv.'il, Hepl.., IDOS), describes some experiments on 
tint Hpt't'iiif. ht'itl. of nt'arly pure iron. The following mean spe¬ 
cific licatH wort' ohiiiincd. 

Temn F 500 600 800 1000 1200 1300 

Hp. iVt. *0.1228 0.1266 0.1324 0.1388 0.1462 0.1601 

TempF. 1500 1800 2100 2400 2700 

Bp. HE 0.1698 0.1682 0.1667 0.1662 0.1666 

Tim HpiH’liic* lu‘at incr(*aH('H Bteadily between 500 and 1200 F. Then It increases 
rapidly to I400» aftt*r wldcli it remainn nearly constant. 

TABLE 7 

HPECIFIC HB]ATB of other SOLIDS 


Magnesian limetitone. 

BlUea.. 

<h»riindum... 

Btimes generally. 


0 20 

Coal. 

.... 0.20to0.24l 

A 1 A 


. 0.203 

0 215 


. 0.202 

0.217 

0.217 

A 1 O 1 

Bulphate of lime. 

Magnesia. 

. 0.197 

. 0,222 

. 0.231 

A 1OA 


. 0.188 

0.22 

River sand. 

. 0.195 
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APPIONDIX 


TAIiLE 8 

8PK(’IFU^ IIKATH OF WOODS 

Oven dried, 20 varkdicss, sp(n‘ifi(* In^iit iu*arly tlu* sanu^ for all 
averap:e 0.327. (U. S. Konvsi. 1011.) 


TABLE <J 

SPIOOIFH! lIF.A'rS OF I.IQFIDS 


Alcohol, (loiiHity 0.791........... 0.622 

Sulphuric add, (li'iiHity 1,67. 

“ “ “ 1.10. 0.661 

Hydrochloric acid.. 0.600 


OliViMdl . . 

Ihni^.iuc 

'rtirpculiiic, 0 ft7i 

HroiiUiic. , . . .. . 


0.110 
0,191 
0,472 

1 Ml 


TABLE 1(1 

HPFdaFH* HKATM OF OASFS 

At Oiiiii-uitut At fiinnaud 

Pt*'nMui*', \<dui<n^ 


SuIphurouH add,... . , 0 DP» I <l I j4f^ 

Li^lit carlMjrOcd hydnatcu, mareh ipw ft‘Ha u sojo p 4Plij 

BlaHtduriuwH* ipiHcH.. .. .... p 217/ 


TABLE II 

TAIiLF OF SPFC’IFK’ HFAT OF OASFOt'S PHtUH r{M uF ruMfit STIOK 
HFFFRHFD 1*0 THF PHOPOUTION c‘\JlHu\ D|t)\IDF 


Proportion of 

Hpcrith* 

IhiputfltMO »»f 

Hprrific 

(!arl»on Dhaldo 

Hciit, 

i 'iiiIhio f 

ICcrtl. 

5 per e(‘Ht, . . 

.. 0.312 

11 pt‘r eeiit 

, . 0 

:U!i 

6 

. . 0.3M 

12 

0 320 

7 “ 

.. 0.315 

13 

, <L:i2i 

8 “ 

0.310 

II “ 

0 322 

9 “ ... 
10 “ .... 

.. (),;07 
.. 0.,'ilH 

15 

. IL 

:{2;i 
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TABLE 12 

HEAT OF COMIilJSTION OF SUBSTANCES 



Calork^a. 

B.T.U. 


('ryHtalliztHi c'arboii to (^>2 . 

7,859 

14,146 

Berthelot 

“ *• to CO. 

2,405 

4,329 


AmorpliouH carbon to (’(>2 . 

8,137 

14,647 

4 < 

“ “ to(’0. 

2,489 

4,480 

> • 

Craphito to <H)a. 

7,901 

14,222 

< 4 

Petroleum coke to (’Oa. 

8,017 

14,503 

Mahler 

(liiM cok«* to < H )2 . 

8,047 

14,485 

Favre and Silbermann 

< 'arbon vapor to COa. 

I 1,328 

20,390 

C’alculated 

C'oal (piiH' ami dry). 

7800-9000 

14,040-16,200 

Various 

Idguitc (pun* and dry). 

6000-7000 

10,800-12,600 


llccch charcoal... 

7,140 

12,852 

Schwackhofer 

Soft charcoal... 

7,071 

12,723 


C’clluloHi* . ,. ... 

4,200 

7,560 

Berthelot 

Soft n'HiuouH woo<i.. .. 

5,050 

9,090 

Gottlieb 

Hard wood ... .. 

4,750 

8,550 


Peat .. 

5,940 

10,692 

XUiiibridge 

Catii* Hujtjar. .. 

3,961 

7,130 

Berthelot 

AHphii.lt.... 

9,532 

17,159 

Slosson and Colburn 

Pitch . 

8,400 

15,120 

Anonymous 

Naphthalin... 

9,690 

16,842 

Berthelot 

Paradin.. 

I 1,000 

19,800 

Mahler 

'rallow .. 

9,500 

17,100 

Stohniann 

Sulphur ... 

2,500 

4,500 

Berthelot 

Pctrtdcum... 

9600 1 1,000 

17,280-19,800 

Various 

SebiHt oil .. 

9000-10,000 

16,200-18,000 

‘ ‘ 

Heavy coal ipw oil.. .. 

8,900 

16,020 

Ste. CUaire Deville 

('otton oil .... 

9,500 

17,100 

Anonymous 

Pape oil...................... 

9,489 

17,080 

Stoll maim 

Olivt* oil... 

9,473 

17,051 

‘ ‘ 

Hperni oil. .... 

10,000 

18,000 

Gibson 

UydroKcu... .. 

34,500 

62,100 

Berthelot 

t‘arl>ou morjoxidc*.. 

2,435 

4,383 

* ‘ 

Marnli kiw- > ... 

13,343 

24,017 

‘ * 

Olidiimt KtiH.. ..... 

12,182 

21,898 

* ‘ 

AectyliUJe .... 

12,142 

21,856 

‘ * 

( arbon vapor (diarnond).. 

If,134 

2(rtbH— 


(’cud .. ... . ..... 

4440^7370 

7990-12,266 

Various 

Petndeum gan................. 

10,800 

19,440 

Anonymous 

Air producer gaH.... 

773 1370 

1391-2466 

Various 

Wliter lean .... 

2350 3032 

4230-5458 

* ‘ 

M iiCcHl KIlH ... 

1015-1548 

1827-2786 



Thv lu'jit.inp: value of CJI 4 , if calculated according 

to its (‘oiupoHition by the fonuula 80800+34,46211, using Favre 
and Silhc‘rmann'B figures, is 14,675 Ocaitigrade heat-units, instead 
of 13,063, tla^ valium dc^tcuinined l)y a calorimeter, a difference of 
1612 h<‘at-units. TIu‘ (*aleulat(Hl hcuiting value of ethylene, C 2 H 4 , 
is ll,K19, and that, of hcuizole gas, (I 1 H 4 , is 10,109 heat-units, 
diflVring n‘si)(‘etiv(‘Iy from the calorimetric values only 9 and 
7 heat-imits. 
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APPENDIX 


TABI.E 13 

SPECIFIC GRAVITY AND WEKJUT OF (JASKH AT ATMOSPHERIC 
PRESSURE AND 12 DEC5. FAIIH 


Air. 

OxyK'^tui, (). 

Hydro^jfoii, H... 

Nltrogtui, N.. 

('arboii nH)iH)xi(l(\ (’()... 
CUirboii di()xi(I(N CX)a.. .. . 
M(^tluuHn ruarHli-KHH, (HE 
Ethylono, (IE.......... 

Ac(‘tyl<‘n(\ ('alE.. .. . 

Aininoula, Nil;!... . 

\Val.(‘r vapor, HaO .. .. .. . 
Sulphur (lioxi<h\ SOa.. . . . 


DouHity, 

I it'UHity, 

CJriunH p«*r 

PuuiuFi pvr 

C 'Ilhu' 

Air* 1. 

H E 

Lltor. 

('ubjr I'uut. 

Fi'uf pt«r 
Pound. 

1,GOOD 

14.444 

1 .290 

0 080/28 

12 188 

1.1052 

1 5.961 

D429I 

0 08921 

1 t 209 

0.0692 

1 .000 

0.0895 

0 00559 

178 90 

0.9701 

14.012 

D2544 

0 078 0 

12 770 

0.9671 

11.968 

1.2505 

0 t)/H0/ 

12 810 

1.5197 

21.950 

I 9650 

0 12267 

8 152 

0.55 JO 

7.987 

0.7150 

0 04464 

ii 429 

0.9674 

11.971 

1.2510 

0 07809 

12 805 

0.0982 

12.971 

1 1614 

0 07251 

1 1 792 

0 5««9 

«. 506 

0 7615 

0 04754 

21 016 

0 62IB 

a 981 

0 8041 

0 05020 

19 922 

2.21 ) 

0 965 

2 862 

0 1787 

5 597 


TAlil.E l \ 

OXYGEN AND AIR REQUIRED FOR THE ft i\I HFSTH c\ C»F CARIiOX, 
nVDROCJEN, 


Carbon to C'Oa . . . . 
Carbon to 

('arbon monoxhU* to CO^ 
Hydro^nut to HaO. 
Mi'Uuuu', (*IE to (’(»3 iiful 
HyO, ..... 

Sulphur tc» S(E. , 


('Inunu’al Ib'Uftlon. 


C f io -c 'Cb 
C I (i ct» 
t ‘o i O - < ‘Oi 
ill I -IDO 


CIE f 40 ■ 

H I iO ■ 


C0i I IlDo 


Pinunl'i 
Oi pft 

Pouinl 

Fori. 

iTd 
I ‘ j 
</i 
H 

4 

t 


PotlfuDi 

\ 

I ii \o 


I I 

i D* 


\it ptu 
Pound 

-4 li 

K i I 

11 %i 

S /#» 
i 4/ 

14 

t/ m 

4 ii 


Psodini 

por 

PtHHid 

U M 
b ib 
I 4? 
Pi %b 

in in 

*1 II 


TAIILK i:i 

VOLUME OF OXVCJEN TO FORM WAl'DR WtlH 1l||: tlVDROOEN 

ttp C'OAL 


Pur Cunt of 
ny<iroK«»u. 

LItuf of 
Dxyg n pur 
Kg, of C(«iF 

C 'ublu Fu**l 
of Ox.ufun 

pur Lb of 


t‘oid. 

1 

55 9 

tl 896 

2 

Hi 

1 792 

1 

168 

2 699 

4 

221 

1 585 

5 

279 

4 481 


For < Vnf of 


t.lfrf^i or * 
0%4|frU|»f of 0%.1^11*1 

t\ff t tiiil 1**’^ ^ E of 

< oil! 


1 1% 

1*11 

44fi 


% mi 

li iMf 

; i/« 

» mm 
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TABLE 16 


IGNITION POINT OF GASES (Mayer and Munch) * 


Marsh gas, CH 4 . 

. 667°C. 

1233° F. 

l^tluine, (' 2 H(i. 

. 616 

1141 

Propane, ('alls. 

. 547 

1017 

Aeeiylcaie, (^202. 

.580 

1076 

Propylene, 0;iH(i. 

.504 

939 


' Hericlite dcr doutachon Chemiflche Gesellschaft, xxvi, 2421. 

TABLE 17 

lU.ATION I)Y WEIGHT AND VOLUME OF THE COMPONENTS OF AIR 

Air contains by volume: 


Nitrogen. 78.35 

Oxygen. 20.77' 

A(iueou 8 vapor. 0.84 

(Jarbon dioxide. 0.04 


100.00 


Deducting the carbonic acid and aqueous vapor, we have: 


Nitrogi'n.By volume: 79.04 By weight: 76.83 

Oxygen.“ “ 20.96 “ “ 23.17 


100.00 100.00 

Ratio of nitrogim to oxygen: 

By voluiiK', ^ = 3.771. By weight, ^=3.32. 

Ratio of air to oxygen: 

By volume, -4.771 By weight, ^=4.315. 

Ratio of air to nitrogen: 

By volume, = 1.265. By weight, ™ = 1.302. 


Conversion of Temperatures. A handy rule for transform¬ 
ing (Vntigrade to Fahrenheit degrees is: Z)ou 6 Ze the Centigrade 
(IcgriTx, mihlrad 10 per cent and add 32. 

I'kamplc: Find the Fahrenheit, teiniicraturc corresponding to 320 deg. Cent. 
(2 X320)-fi4+:j2 =608. 

To transforin Fahrenheit degnvH to Centigrade: Subtract 32 and divide 
hy l.KO. 

Example; Find the Centigrade temperature corresponding to 600 deg. Cent. 
(500-32)4-1.80=260. 
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TABLE 18 

TEMPERATtrUM (M)NVEUSI<)M TABLE 
(By Dr. Lc'oiiard Waltlu) 

Eepdnt from Mvtallurmml am! Chrmiva! Emiinrfring 


C®. 0 10 20 10 40 SO 60 70 BO 00 

E I*' !»' I*’ !•' I*’ I'‘ V ’ ¥ h 

-200 -128 -«146 -364 -.1«2 • 400 ■-418 416 4S4 

-100 -146 -166 ~tH4 - 202 -‘220 218 iS6 274 202| |I0 

-0 -112 } 14 -4 -.2if -'40 S8 76 04 Hi HO 


0 32 50 68 86 104 III 140 ISB I ?6 1 * 6 | 

100 212 230 248 266 284 lOi liO I in ?S6 1/4 

200 192 4‘I0 428 446 464 482 500 518 ‘*16 554 

300 572 590 608 626 644 Mil 680 668 /(o 

400 752 770 788 806 824 84i “860 H/H mm OM 

//H ‘^68 986 1004 lOi; 1040 105H ici/6, JO’M 

600 1112 1110 1148 1166 1184 liOi HiO {/l«. } >/4 


™ Hi? Ld4 14 16 

4J2 1490 1508 H26 1544 1562 1580 imml 1616 U.M 

900 1652 (670 1688 1/06 1724 1/42 1/60 H /8 t;4» } 8 H 

1000 1812 1850 1868 1886 1904 | 9 J 2 1940 1958 } 0/6 {*i*H 

1100 2012 2010 2048 2066 2084 itOi 2120 21 W its#, 104 

200 2192 2210 2228 2246 2264 Iw ilOO Jim } }\%l 

1300 2172 2J90 2408 2426 2444 2462 24811 249« hill 2514 

2624 2642 2660 26/8 Jmm 2 /H 

5 0 2712 2750 2768 2786 2804 MIJ 2840 /tt58 /H/rJ /ml 

1600 2912 2910 2948 2966 2984 1002 1020 lo (« Ui%M 10/4 

!Li!! 1182 1200 1218 i/ifj 1*^,4 

I )00 1452 J47() 1488 1506 11/4 154/ I560| 15/8 1566; 

3612 1650 1668 1686 1/04 1 / 2 / 1740 1/58 l/Zf*; 1/94 

??AA T!tl 41110 41110 4116* 11(4 

2100 4172 4190 4208 42i6| 4244 4 / 6 /. 4 / 8 oJ 4 / 9 tt| 4 I}#»' 4101 


2400 4152 4170 4188 
2500 4512 4550f 4568 
2600 4712 47101 4748 


2700 4892 
2800 5072: 
2900 52521 


4910 4928 
5090 5108 

5270 5288, 


1000 5412 

1100 5612 
1200 5792 
1300 5972 

1400 6152 
1500 6112 
1600 6512 

1700 6692 
1800 6872 
1900 7052 


E3CAMW.W8: 1347* (I 

2®JaC,«I852®,70a 



4406 4424 444/ 446o! 44/w! 449fJ 4’i|.| 

4586 4604 46// 464fl, 4hih' 4MH 

4/66 4/84 480/^ 48/Ci| 4fit8^ 48’»r/ 411/4 

4946 4964 4m/’ %tm/ 5tl|iv: Ml If* Ml\4 

^5126 5144 516/' 518II StOfl % f u, ^^*14 

5106 51/4 »*|4/, 5l6fl| 5l/8j t f 6 |,; *,411 

548fi5 5504 552/ 554ll| -iV»«’ 

j ? ! I >! ; 

' 5666; 5684 5/0/. 5//0; 5/18 MH 

5846 5864 5811/; 5*lflfl MltH '»*i if* Mtf% 

6026 6044 6062! OflWi; 61198^ 6| |6 6i I 4 

6i06 6/i4 6/4/^ 6/60 6//li ft/ool f»IJi 

61116 6404 64/2 6440 6158 r»|/6 6194 

6566 6584 660/1 66/0 6618. itf/if*. 1 , 6/4 

I'/.ll* '•'*"“1 wu«' 

6*126 6944 696/ 6980 |/I9fi /||||, /if 14 
/106j /(i4 /14/- 71611 /i /8 /lOti //H 

30j 40 50| Mi] /« «tli *#11 

__ 

-2444* r. +ll^6 F. r : |I6/'^ f 






IXDHX 


A 

\ri l\h *’ ilHiifii- Ml', /Ji7 

,%ir, i»ftiii|»i»iiiii»ii rif, 

f*if* i*iifiiiiii«imil, •lit 
ri'^r|iiiff*ti f»*r Miifiiliipliriii nf rmii, ITII 

fvt|iiifv«i iff Mil, 1311 

llr if |> II « ItiP i* I 31 

M I M*'t nnim 311 
ill I i!'ll 

\ji M . #.| r if, ;! 3 r! 

I Ml IM- 33^1 

‘ S' MMi ' M 3 I 

\ip 1, 

A' ,3*1 

\ 1*1# i ilii* mI, I fli 

,|i VI *|f* S » ,l|Mi'i|MMl*'l , ('d\ 

II 

hf I Mf, t'Ji 

|l ili'ir^ * .aI-mmi. m I, 3^ 

1333 

ilmrVMl*- r M I Ml'., 33/ 

If, ii|iil j j i 3 

f 3 m!i3/ I iIm»' mI, I III 

lit,,-A Mj, |l ^ 

4t W3MM3 313 

IMm ^ III M ii- M 3,til, 313 

f '^'4^ , % 3 %t A 313 

IlHiw i/m 31/ 

t ih mI ^ < 4 M 'Mtlm, 3131 

4 * mmI Mf "nlMt Ml, ;M;! 

lult luj 4 rUAV,* 33/ 

.4m4 313 

liMlii't « -4 4^. iif 

t .t 4 I, |H,I 

Iif ih 4m' vMvi IN4 

ilMlMl'f * I. \|, 4 f!r|, II 

II r ii^ !Mim 1. 

f A'AiUA^iu, Jti 


h fhrritml unit, (Infinitiou of, 2 

Iltiiimi <itJorittjicitor, 61 

C 

C4iliirii% {laiiiltiorii of, 2 
I ';tl«»rillo innwr, 2 
C‘iii«rlie mlm of acTtykuu*, 257 
Ifiitniwiti imiiln, 65, 72 
Aittf‘rioan oil«, KI7, 144 
••lilmit, 146 
Aii^itriilkn wml, K7 
AiNriiiit foal, 87 
127 

giLH, 257 
Ifiltllitoti, Mil 
tlritif4t will) IMI 

©i»litil«i, 217 

C liiliiiii fiiiil, 88 

will, II7 

will wlftiliitwl from its iiM- 

itialo itiialyMW, IHO 
i*oii!, otiitiimrkwi of iioiiml aad 
iiilnilriiiHt, 85 
roki% 115, 118, ll!l 
intla^ tiroo#*, 126 
f'*4o oviit 168 
wiliit^ry ii4iiwi% 162 

riilliiti oil, 257 
ilifiiiittifwl iilroliol, 142 
♦.lliylono, 257 
fitioigti iill«, 145 
I‘iviit4t 86 
p;iimroiil, llfi 

Ml 

I iofiiirtli roiil, !M) 

Ifiiiiftjirkii ooitl, H7 
liyilrogoii, 257 

illiiiiiiiiiiliiig giiH, 151, 152, 153 
ktfriwmt, Ml 


m 
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INDEX 


Calorific value of lignite, 103, 106 
marHh gaa, 257 
methane, 257 
Mexican oil, 138 
natural gas, 1(53-107 
New (<nl(Hloiuan coal, 07 
New Z(‘aland <‘oaI, 101 
Nova Scotia coal, 07 
ol(‘fiatit gas, 257 
olive oil, 257 
Ontario coal, 07 
paraflin, 257 
peal., 107, Ul, 113 
petroleum, 257 
pe(<ro(‘Ium gas, 257 
prodmu'r gas, 150, 160 
rape oil, 257 
Russian coal, OB 
schist-oil, 257 
Scotch (ioal, 00 
Spanish (toal, 99 
sperm oil, 257 
straw, 125 ^ 

sugar cant', 257 
sulphur, 257 
tallow, 257 
tan Inirk, 120 
tar, 142 

various substanees, 257 
waf<‘r gas, 160 
wood, 123, 126 
(kdorimcters, fitel, 0, 220 
220 

Calorimeter, Alexejew, 21 
Andrcnv'H, 34 
Atwatiu*, 56 
barms, 2H 

homh, <»|M*ration of, 30 
hoinl), Widther-IIemp<4, 50 
IhiUHtai, 61 
(kiriKuder, 24 
couHlimt pnwurt*, 17 
coriHtnut vt)hui»% 31 
corrcM‘tionH for lluTinoineter reml- 
ingH of, 13 
DiefiTiei, 63 

evahmticm of in water, 12 


(kilorinu^er, Favre & Sill)ermann, 
IS 

['‘iselu'r, 22 

Harthy ami Junker, 20 
H(‘mp(‘l, 5H 
Ihu'manu, 60 
Ihu'Hchel, 61 
ic(\ 60 

instaIlatio!)i of, 11 
Kro(4it‘r, 57 
I^avis Hmmspoii, 32 
Mahler bomb, 43 
SchuIIn and Wart ha, 6*2 
W. Huanpson, 27 
Thomsen, 23 
Von 'Hmn, 62 
Wit/., 50 

(’nlorimetrie bomb, 35 
Calorimetry, H 
of «»oa!, 51 
1 4 ('ol/a oil, 40 
of gas, 52 

of Hubstanees eonliiining liyflrogen, 
51 

using an auxiliary aiilriinnee, 53 
C*ane mignr. hfatuig viiluf* nf, 257 
Carbon, e<»infiiiHf}uii «sf, 155 
heat <4 rtimbu>tf uni i>f', l(i 
iiioiHixiiie, 1 i»m?4 diit" t«» funnafioii <4, 
tK7 

C5a*|H*iiter eiilorimefer, 21 

<’t4tultwi% brut Ilf riHillimatun <4, 

257 

Centigrade degrees, eiiiiirndiiii of fti 
Fidirrnlieit, 250, 2110 

wiHitl, 120 

Coal, 65 

find eoke, relative heiifiiig viiliii* of* 

115 

African, heiiling of, S7 
iiir ret|nireil for i'oi!ilnif4if}|i of. |70 
Aflieririifi, lit'iifnig %''aiiir of, OH, 72 
iin»Iy«*n Ilf, 72, 170 
annlyf^es of foreigii, Si» ilruiing 
vidtit*. 

iip|irnxiniiite lieiititig vitliio nf dif^ 
ferrnt grades of, I7!i 
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C’onl, Aiwtrnlinn, lunitiiig valuo. of, 87 
AuHlrinn, honting vuluo of, 87 
Britwh, hoatiog vnliit* of, 96 

of hc'uting value from 
^ ultimate auuIyHiH, 180 

enlorila* power wlnm burned 
uiult'r a Ht c‘am boiler, 175 
eal(wiuH^try of, 51 
duliiui, lieating valuta of, 88 
C 1uuew% htiding value* of, 97 
elaHaifieat itJU of Auu'rieaui, 66, 82 
elasHifieaticm of, (Iruuer’H, 67 
eoinbuHlion of, 170 
dtderminatitai of moiniure in, 240 
dillfwenee Ijetwenm actual and cal- 
eulatcal healirtg value of, 85 
dwtribution c»f the heat of in 
boili^ra, 183 

efeet' t»f moiat.urt' oti luudJng valuo 
4>f, 185 

fonagn, ht*ating value of, 86 
Frt‘nt*h, heading valuer of, 89 
giiH, M9, 153 

guH-, lu'uting value* e)f, 115 
(le*rman, he*ating value of, 90 
he*at eombuHtion of, from analy- 

aiH, 231 

heat iiig value* of e*onHt it ue*nt 8 e)f, 177 
lltmgiiriau, h«*ating value* of, 87 
of heading eOeet by formation 
of rarbem monoxide, 187 
|i)HH t»f bt'jitiug <‘tT«*et due* to un- 
ijiirneel <*<»ml»uatiblc* ga8t*8, 191 
|oi#i of headiiiR <‘lT<*e*t in aead, 187 
iiiefliodM e»f burning, ISO 
New C’altabnian, heating x^alne* «»f, 
97 

New Zealaial, he*iding value of, 101 

Niivii Hrolia, hen!mg value of, 97 
Cliitfirio, lieidmg valiit* ejf, 97 
oxygen ri’tiinre*«l !*» form watt*r 
with liydnegen t»f, 258 
|iriixiinide ftnalyHiH of, 222 
Iliwiiifi, lieiiting value of, 98 
itiid eirying, 220 
8ri»fr|i, heiiting value* of, 99 
of bifuiiiiiiouH, 236 


(A)al, Spanish, heating value of, 99 
Coke, 114 

Amewieain, heating value of, 117 
iind coal, relative heating value of, 
115 

breeze, 120 

lOnglish, heating value of, 118 
Frencli, heating value of, 118 
(h^rnuin, heating value of, 119 
heating value of, 115 
N('.w South Wales, heating value 
of, 118 

oven giiH, 168 
peat, 110 

(lolliery refuse, heating value of, 102 
(Hza oil, calorimetry of, 49 
(X )2 Recorders, 200 
Combustion, air required for, 231, 258 
analysis juid mcijisurement of prod- 
iKits of, 193 
hoid. of, 2 

h(*at. of, of (iOid by analysis, 231 
heat, of, of Viirious substances, 257 
incomplete, loss due to, 191 
of carbon, 155 
of coal, 170 

of fuel c.ont.jiining hydrogen, 155 
of lignite, 104 
of liiiukl fuel, 135, 139 
,sp(‘cih(^ h(*id. of gaseous products 
of, 256 

('onsl ant-pressure* (calorimeters, 34 
('orr(*ctioiiH for thennometer read¬ 
ings of (cjdorinuct er, 13 
(’tdton oil, cidoritic. value of, 257 

I) 

I)(‘natun‘d alcohol, 142 
I)i(*t(*nci’H calorimeter, 63 
Draft gages, 208, 219 

E 

ICiricieney, boiler, 230, 2^ 
furnaice, 237 

hXlison dilTewential draft gage, 212 
Kc|uivalent (evaporation, 230 
h3hyl(*n(‘, calorific value of, 257 
Kva|H>ridion, factors of, 245 
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INDEX 


F 

Factors of evaporation, 245 
Fahrenheit de#i;rees, oomomon of to 
Cc'.nt.igrade, 250, 2()() 

Favre and SillKaanann calorimeter, 18 
Fischer (udorinu'der, 22 
Fletcher anemometer, 207 
Flue gases, analysis of, 220 
heat lost in, 184 
sarnplinp;, 222, 242 
Fuel, gas(iouH, 147 
Fuel, li(iui(L Li(juid fuel. 

Fuels, I 

Furnac;e ellie.icme.y, 237 

G 

Gages, draft, 210 
pressure, 210 
Gas ana lysis, 108 
analysis, (Irsat apparatus, 100 
analysis, Ihanpcd apparatus, 2(K) 
as boiler futd, 148 
blast furnaces, 108 
ealorimetry of, 52 
coal, 140, 153 
coke oven, 108 
gemerator, 152 
illuminating, 148, 151, 153 
Uiarsh, calorifus value of, 257 
mixed, 150 

nat.ural, 102. /Sm ako Natural 
gas. 
oil, 105 

olefiant, ealorifie valuta ijf, 257 
ptd.roelum, ealorifie value of, 257 
producer, 154, 158, 100 
produ(a?r, from lignite, 105 
samider, 103 
sampler, A.H.M.Fi., 100 
satnpksr, Jt^nes, 100 
water, 150 

GasHwal, htiiting valuer t»f, 115 
Gaseous fw4s, 147 
products of combustion, 
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Heating value of coal calculated from 
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coke, U5, 118 
(K)k(^ !>i*oeze, 120 
(U)k(*. oven gas, IGS 
e.olli(*ry n‘fuse, 102 
const it ueaitH of coal, 170 
(‘ott.on oil, 207 
(lenatunsl alcohol, 142 
hkirop(‘Hn coal gas, 153 
for(‘ign coal, 80 
foreign oils, 145 
KuMieli coal, 89 
Fnaicli (‘oke, 118 
gas-cnai, 115 
gHHoliiu*, Ml 
(Jennan coal, 90 
(kaanan ct>ke, 119 
Hungarian coal, 87 
hytlrogcai, 257 

ilhuninatiug gas, 151, 152, 153 
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Nova Set)tia C'oal, 97 
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107, III, 113 
IM'lroleiitn, 257 
l«‘trok*uni gas, 257 
imwlucer gas, 150, 100 
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Heotch i’oai, 99 
HiiiiUHh coal, 99 
ii|>t*riii oil, 257 
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migitr Hints 257 
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Heating value of tallow, 257 
tan-bark, 129 
tar, 142 
water gas, 160 
wood, 123, 126 
Ileinpel calorimeter, 58 
gas analysis apparatus, 200 
IIcTmann calorimet,er, 60 
Hta’S(‘,hel calorimeter, 61 
Hirn’a method of draft determina¬ 
tion, 208 

Hydrogen, calorific value of, 257 
calorimetry, of substances contain¬ 
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combustion of fuel containing, 155 
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I(‘.e calorimeter, GO 
Ignition point of gases, 251 
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Junker calorimeter, 29 
K 
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60, 82 

draft, gage, 209 
Kerosene, 132, 141 
Krocker calorimeter, 57 
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Lewis Thompson, calorimeter, 32 
Lignite, 102 
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combustion of, 104 
European, heating value of, 100 
(lorman, 104 
producer gas from, 105 
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Texas, 103 
Liquid fuel, 130 
advantages of, 134 
combustion of, 135, 139 
relative calorific values of, 135 
Liquids, specific heat of, 255, 256 
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Mahler bomb calorimeter, 43 
Marsh gas ealorifK*. value of, 257 
Meau caloric', 2 
McM^aln, specific hc'al- of, 255 
Methane, calorific value' of, 257 
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Naphthalin, use of in caloriiu<4 ry, 53 
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Natural gas, 102 

analyHCH of Indiana, 102 
analyHcs of Ohio, 1(52 
analyHCH of Pitlnhurgh, 1(53, 1(54 
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calorifn*, powcT of Am<‘nc*nn, 14 1 
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Ole'fiant gas, enilorilie* value of, 257 
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P 
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(*fT(*cl eif moiHture* and ash on, 109 
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Hinge*!maim huioke* chart, IHS 
liohertM Hineikt* I’harl. ISO 
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Sampler, gan. 103 
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Selu^f-od, eadeentie value of, 257 
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SjK*(ufu; heat of Holids, 255 
wat(T, 254 
wood, 25(> 

SiH*(*ifi(*at.ioiiH for fuel oil, 140 
SfM'rm oii ealorifi(‘. value of, 257 . 
Hti'aiu, lu‘at in, 185 

ht‘ai loHl. in formation of in burn¬ 
ing coal, ISO 

eorreelioiw for (jualiiy of, 229 
determination of mointure in, 241 
imniHuring ai)paratuH, 219 
pmjH*rtit‘H of Haturated, 250 
sampling, 221 
tablen, 250 

Htraw, iK'ating value of, 125 
Hulplmr, ealoritie value of, 257 
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"rallow, ffilorilk^ value of, 257 
Tan-bark, wet, luaiting value of, 
129 

lar, 142 

Teniperatur(‘ eonvcu’Hion, 259, 200 
of wantt' gaH(*H, 205 
Tenia, boiler. Boiler teHtn. 
Thi*riimmc*terH, 9, 219 
Thonwen ealoriniet.ca’, 25 
llujinpson, Wn calorimeter, 27 
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Uehling CO 2 recorder, 201 
pyrometer, 206 
triple draft gage, 214 

V 

Von Than calorimeter, 62 
W 

Walther-Hempel calorimeter bomb, 
59 

Wartha calorimeter, 62 
Waste gases, determination of vol« 
ume of, 207 
heat loHt in, 184 
temperature of, 205 
Water gas, 150 

gas, calorifici value of, 160 
value of (calorimeter, 12 
weight and specific heat of, 254 
Weight of gases, 259 
Witz calorimeter, 59 
Wood, 122 

analyses of, 122 
(‘.harccoal, 120 
heating value of, 123-126 
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relative heating value of, 124 
specific heat of, 256 



